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THE RECORD OF THE FIRE-PROOF BUILDING IN THE 
BALTIMORE CONFLAGRATION. 

The great conflagration which swept the city of 
Baltimore on February 8 ‘and 9, and laid in waste 
its entire wholesale business and banking dis- 
trict, is estimated to have destroyed property 
valued at about $125,000,000. No array of fig- 
ures can express the indirect financial losses. 
These are represented by hundreds of businesses 
destroyed, thousands of well-paying positions 
abolished, and millions of dollars worth of trade 
abruptly suspended. To 


A careful study of the burned district throws 
much light on this subject; and it will be wise 
for engineers to be in no haste to accept these 
statements of ruin until they have the results of 
such an investigation from which to reason. 

There are many lessons to be drawn from the 
Baltimore fire, and some of them are not sooth- 
ing to the vanity of the engineer as a builder; 
but others are a magnificent testimonial to the 
Perfection of his work. It is for these reasons 
that we give in this issue a story of the fire 


= 


of the city, and to the south and east were lo- 
cated the wholesale business and financial dis- 
trict and all the large office and municipal build- 
ings. According to the automatic fire alarm, the 
fire started at 11.48 a. m. on Sunday morning. 
The response to the alarm was prompt, but mean- 
while the flames had gained considerable head- 
way on the lower floors. 

The building has been described in some of the 
published accounts as of fireproof construction. 
This is not true. It was a six-story building, with 

brick walls and floors 


meet these losses there 
is only the imsurance, 
and this amounts, with 
all claims proved and 
paid, to about $65,000,- 
000. Measured by these 
figures of financial loss, 
the Baltimore fireranks, 
probably, as the second 
greatest conflagration 
ever recorded, In loss 
of life and in the 
amount of destitution 
involved, however, it 
was, happily, less dis- 
astrous than many fires 
of insignificant propor- 
tions. One man. killed 
and barely a score in- 
juredto the astonishing- 
lysmalirecordof human 
casualties. 

It is in its financial 
losses, direct and indi- 
rect, that the Baltimore 
fire looms above all 
previous conflagrations, 
except the great Chi- 
cago fire of 1871, and 
here it approaches the . 
magnitude of a nation- 
al calamity. 

To many persons the 
Baltimore fire seems to << 
have put the question 
whether the American 
city of. to-day can be so 
builded as ‘to be safe’against such fires as those at 
Chicago in 1871;and ‘at Boston in 1872,and to have 
answered ‘it in thé negative: The 150 acres of black 
and smoking ruins which were once the most sub- 
stantially built portion of the sixth city of the 
United States, permits at first sight no other con- 
clusion. Already, on this showing alone, the pub- 
lic press has widely condemned the modern type 
of fireproof building, and some even whose words 
are weighted with expert authority in the public 
mind, have called for a return to “brick and mor- 
tar” as the only salvation of the building owner 
when conflagration besets his property. ' 


A TYPICAL SCENE IN THE BURNED DIST 


SOUTH. 


and of the destruction wrought by it, which is 
based upon a caréful study by editorial repre- 
sentatives, who witnessed the progress of the 
fire on Feb. 9 and examined its ruins in detail 
afterwards, and by independent experts in fire- 
proof building construction. 

ORIGIN AND PROGRESS OF THE FIRE. 

The Baltimore fire originated in the dry goods 
store of Hurst & Co., which was located at Hop- 
kins Place and German St., the point indicated 
by the white cross on the accompanying sketch 
map (Pig. 1). To the north and west of this 
point°lay the most beautiful residential district 


RICT OF BALTIMORE; CHARLES ST., LOOKING 


of I-beams_ carrying 
wooden joists and floor- 
ing on cast-iron col- 
umns, and every story 
was packed with inflam- 
mable dry goods, In ten 
or fifteen minutes after 
the alarm this combus- 
tible fuel was a seeth- 
ing mass of flames on 
every floorand the floors 
themselves were burn- 
ing. No hope of saving 
the building existed even 
at this early stage, and 
the firemen’s endeavor 
was to prevent the 
further spread of the 
fire. 

As the floors fell one, 
after another, the flames 
rose high above the roof 
and burning embers be- 
gan to be carried by the 
draft and wind which 
rained them in showers 
on the adjoining build- 
ings. A series of explo- 
sions, caused either by 
bursting gasoline tanks 
or steam boilers, aided 
the work of the wind 

* by hurling the burning 
debris into its grasp. In 
an hour a whole city 
block was in flames and 
the fire was spreading 

to the adjoining blocks south and east. From this 
time on the story of the fire is a simple one. 

Baltimore, like most American cities, is struc- 
turally a mingling of the old and the new. Wooden 
and brick veneered buildings alternate with fire- 
proof office buildings of structural steel and terra 
cotta with here and there a low bank building 
of granite and brick, with almost the solidity 
of an Egyptian temple. 

As in most American cities, these fireproof 
buildings are surrounded by inflammable build- 
ings, dwelling houses converted into stores, brick’ 
and stone shells with wooden floors, partitions 
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and interior trim. Into this heterogeneous mix- 
ture of buildings the fire ate its way under the 
impluse of the 30-mile gale from the northwest 
Six hours after the Hurst Building had begun to 
burn the flames were crossing Charles St, and 
everything between that point and the origin of 
the fire was a blazing ruin. In six hours, there- 
fore, the fire had devastated eleven city blocks, 
and its steady progress had not once been 
checked. 

The fighting line of fire companies, which had 
up to this time been squarely drawn began to 
waver and soon the attacking flames had over- 
run the defense. The fire, which hitherto ad- 
vanced slowly, now began -to progress in leaps 
and bounds. To meet this movement resort was 
made to razing the buildings in the path of the 
advancing flames. This work was of no avail, 
the fire simply leaped the gaps as it had leaped 
the streets. Building after building and block 
after block caught fire and burned and lent 
torch to the next building and block. All through 
the night and all day Monday until 5 o’clock in 
the afternoon the destruction continued. Then 
the struggling firemen succeeded in quenching the 
advance guards of flame which had not already 
been checked by the harbor basin and the chan- 
nel of Jones Falls. 

The fire had lasted 30 hours and in that time 
had burned over an area of 150 acres, every acre 
of which was occupied by buildings and merchan- 
dise. Altogether some 2,000 buildings were 
burned. 

The devastated district is shown by the accom- 
panying map. As will be seen the course of the 
fire was almost directly east and its path was 
about four blocks in width. During its early 
stages the good work of the firemen kept the bar- 
riers drawn at Pratt St. on the south and at Fay- 
ette St. on the north; afterwards the Harbor Ba.- 
sin came to the aid of those who were fighting 
along the southern line of battle and on the north 
the massive granite court house, post office and 
city hall furnished an almost equally impregna- 
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Fig. 1. Sketch Map Showing Burned District, 
Baltimore, Md. 
(White Cross Indicates Origin of Fire.) 


ble line of defense. To the east the fire swept un- 
checked until the little stream, half canal and 
half creek, gave a line of natural defense in that 
direction and Jones Falls marked the eastern 
boundary line of destruction. 

Though the story of the fire has been told in 
detail in every newspaper, we have been some- 
what circumstantial in describing its progress for 
two reasons. The first of these is to show how ir- 
resistible a modern city conflagration may become 
when once it has gained headway; the efforts of 
the best of fire fighting devices and personnel are 
puny in comparison with the force against which 
they offer protection. The second reason is to 
demonstrate the exceeding combustibility of the 
average modern city of the first class. This feat- 
ure wil] be further emphasized as the story of the 


“complete destruction wrought by the flames is 


told. These are two lessons taught by the Balti- 

more fire which cannot be too thoroughly mas- 

tered by those having the administration of mu- 

nicipal affairs. 

EXTENT AND CHARACTER OF DESTRUC- 
TION. 

The accounts which have gone abroad have 
stated that the destruction wrought bythe firewas 
complete, and they are not far from the truth for 
the reason that 99% of the buildings in the burned 


the outer walls remained standing. Th , 
the Law Building, shown by Fig. 2 , wae 
Ameriean Building, shown by Fig. 3. 
examples of the destruction suffered 
costly of these structures. Those of 1 tans 
construction are represented by the 
brick and jagged spires of wall shown },- 
page picture and the view along Baltin. 

As has already been noted, over {) 
2,000 qdd buildings in the burned distri-: 


VIEW SHOWING BRICK STORES ON BALTIMORE ST., LOOKING EAST. 


district were of the kind whose destruction was a 
foregone conclusion if ever a conflagration en- 
countered them. There were a few buildings, 
however, which were not destroyed, because they 
were built to withstand fire, and, so far as these 
buildings are concerned, the destruction was not 
complete. These are facts which must be graspei 
by everyone who wishes to have the true record 
of the fireproof building in the Baltimore fire. 
Unfortunately the daily newspapers have fai'ed 
to grasp these facts, and the story has gone 
abroad that fireproof building construction is a 
failure when tried by fire. To one who watched 
these buildings endure the flames at Balt!more, 
or who sees them now looming up, with unbrok2n 
walls from pavement to cornice, a solitary figure 
in 2 scene of chaotic destruction and desolation 
like that depicted by our first page picture, they 
must excite admiration and pride in the stfuc- 
tural soundness that enabled them to stand where 
all else was leveled to the ground. Whatever the 
structural integrity of these buildings may now 
be, they at least merit this praise that they still 
stand upright amidst the heaps of brick and mor4 
tar which mark the sites of former ne ghboring 


structures. It will be shown further on that-they, 


have other claims to commendation, but, first, at- 
tention will be called to the behavior of sotne of 
the older types of structures, 


NON-FIREPROOF clas: 


of buildings of this class. Their destruction was 
complete and is accountable for the vision of ruin 
which the burnt district presents for block afier 
block. 

MONUMENTAL BUILDINGS.—The buildings 
of truly monumental character, which came with- 
in the path of the fire were few in numter. The 
best examples were the Court House, the Post 
Office and the City Hall. These were all struc- 
tures of moderate height, with thick exterior walls 
of granite and floors of brick arches or terra cotta 
earried by heavy interior walls of brick, or by 
brick piers and cast-iron columns. The window 
area was moderate and each building was bound°d 
on all four sides by streets. The Court House 
was exposed on two sides to the flames of burn- 
ing building across the adjoining streets; the Post 
Office and the City Hall were each exposed to fire 
on one side only. The fire did not gain entrance 
to any of these buildings against the streams of 
the building hose. These streams were directed 
against the window casings as fast as fire caught 
them, and the defense had to be continued as long 
as the opposite buildings continued to burn. The 
full measure of the damage to these buildings was 
the destruction of most of the windows on the ex- 
posed sides and the spalling and cracking of the 
granite. walls. The greatest damage was suf- 
fered by the Court House which bore the fiercest 
attack. 


sification adopted“here. non-fireproof” buildings< jila addition’ te resisting serious destruction, the 


comprehends all classes of buildings in which 
wood was used structurally or in which the iron- 
work was not protected by fire-resisting mater’al 
or by fireproofing. .At Baltimore these buildings 
ranged from combustible timber structures to 
buildings with brick or stone exterior walls and 
floors of I-beams carrying timber joists and flcoor- 
ing on cast-iron columns. The engineer and 
architect will readily recognize the class of city 
buildings which comes within these limits. Such 
buildings form the great bulk of every city; in 
many cases they represent enormous individual 
expenditures of money. They are not fireproof 
buildings in the modern meaning of that term, 
scarcely more than the outer walls is even in- 
eombustible. 

In the Baltimore fire the non-fireproof buildings 
suffered total destruction almost without excep- 
tion. Of the very best of them only fragments of 


three Buildings under consideration can justly 
claim the credit for much of the success with 
which thé spread of the fire northward was pre- 
vented. For three blecks they formed veritable 
Gibraltars against which the fire flung its attacks 
in vain. So great was the advantage thus gained 
that the firemen successfully maintained the 
northern line of defense set by them as the flames 
progressed the three remaining blocks eastward 
to Jones Falls. 

- The behavior of these buildings under the attack 
of fire should not be dismissed without mention of 
the detail failure of the granite facades by spall- 
ing. This action was particularly noticeable on 
the west facade of the Court House. Here the 
projecting cornice, the window seats and lintels 
and in fact all exposed corners and thin eises 
of stonework were »fokwa-and splintered beyond 
repair short of reconstruction. The same be- 
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as recorded by stone walls and facing in 


dian examined in the burnt district. At 
every DU custom House, under construction a 
the ” wo south and east of the City Hall, the 
block ‘a ae granite walls were scarred and 
partly sas an ancient ruin. Chips from the s:ze 
TF huni nail to lenticular pieces a foot or 
0 


extent to which cast iron had suffered permanent 
bends. This effect was most noticeable im the 
cast-iron mullions of the tall office building win- 
dows. These in many cases were bent several 
inches from a straight line and in some cases 
there bends were veritable “buckles” of the metal. 

The Baltimore & Ohio office building was of un- 


FIG. 2. A BUILDING WITH INDEPENDENT WALLS AND 1I-BEAM 


AND TIMBER FLOORS. 


more in lateral dimensionsand two or three inches 
thick at the center completely covered the ground 
at the base of the walls. The moldings and or- 
namental carvings of stone which embellished the 
tall office building entrances were in all cases sim- 
ilarly broken and scarred. The view in Fig. 4 of 
a granite pillar supporting a warehouse floor is a 
fair indication of the damage which may result 
from spalling. This pillar was some distance 
from the source of flame but was subjected to in- 
tense heat and as will be seen was seriously dam- 
aged. It is perfectly safe to say that in all the 
burned office buildings at Baltimore, the cost of 
restoring to perfect condition the first three or 
four stories with stone facing will be nearly as 
great as the cost of all the remaining exterior 
wall restoration, 

FIREPROOF BUILDINGS.—The fireproof 
buildings in the burned district may be divided 
into two classes, those of the construction pre- 
vailing from 15 to 20 years ago and those of the 
more modern types of the last five or ten years. 
In the former class it is proper to include the 
Chamber of Commerce and the Baltimore & Ohio 
R. R. Office Building. 

The Chamber of Commerce was built some 25 
years ago. It had heavy exterior walls of brick 
with stone trim that carried a truss roof spanning 
the “pit’ or trading room which occupied the 
whole top of the building. The floors consisted 
of tile arches carried between I-beam girders sup- 
ported by heavy partition walls and cast-iron col- 
umns. The effects of the fire on the exterior walls 
was confined to the spalling of the stone trim, 
except in the case of the rear party wall which 
had been partly torn out by the collapse of the 
adjacent building. The roof was entirely gone. 
The heavy brick partitions were intact, but the 
cast-iron columns were out of position, and in two 
instances on the ground floor round columns of 
cast iron about 15 ins. in diameter had bent at_ 
least 2 ins, from a straight line between their 
ends. It may be noted here that one of the most 
Surprising effects of the fire was the noticeable 


Next in point of age to the Baltimore & Ohio 
building was the Equitable building, constructed 
in 1892. This is a steel skeleton fireproof struc- 
ture of ten stories, and it was the worst dam- 
aged of any of the tall buildings. From top to 
bottom every floor panel for about half the area 
of the building had collapsed, and the basement 


FIG. 3. REAR OF CONTINENTAL TRUST BUILL...G, WITH BALTIMORE 


“AMERICAN” OFFICE IN FOREGROUND. 


usually substantial construction. The outer walls 
were of brick with heavy stone trim, and the in- 
terior was of very similar construction to the 
Chamber of Commerce. Practically the only dam- 


Fig. 4.. An Example of Stone Spalled by Heat; a 
Granite Warehouse Pillar. 


age done to the outer walls was the spalling of 
the stone trim and this was badly pitted and 
broken. The roof remained in excellent condi- 
tion, and the partitions and floors generally were 
intact. A view of this building is shown by Fig. 5. 


was littered with safes precipitated from the of- 
fices above. The floors were of terra cotta, end 
construction arches. The column protection 
showed only detail injuries except in a few cases 
where it had been broken away by the falling 
floors. The partitions, of some sort of plaster 
composition on metal mesh, were totally de- 
stroyed. Despite the somewhat sad wreck of its 
interior this building shows little exterior damage 
beyond the spalling of its stone facing and trim. 
Many of the floor beams will have to be replaced, 
and all the partitions and broken floor arches, A 
goodly proportion of the remainder of the fire- 
proofing can be repaired. A view of this building 
is shown by Fig. 5. 

Adjacent to the Equitable Building is the Cal- 
vert Building, constructed about three years ago. 
This is a steel skeleton fireproof structure with 
terra cotta fireproofing. It was of unusually 
heavy construction and came through the fire 
structuraly intact with the exception of one badly 
buckled column on the eighth floor, and occa- 
sional detail failures in the fireproofing. The ex- 
terior walls showed little damage. 

A somewhat older structure of similar construc- 
tion is shown by the view Fig. 6. This is the new 
building of the Baltimore “Herald,” and it came 
through the fire in good condition, None of the 
structural steel work suffered visible injury and 
practically all of the fireproofing terra cotta was 
intact. A very moderate sum will put the skele- 
ton structure and fireproofing in good condition. 

The Union Trust Building located at Fayette 
and Charles Sts., and the Maryland Trust Build- 
ing at German and Calvert Sts., are about the 
same age and size and of practically similar cun- 
struction. Both are about four years old and are 
eleven stories high, with stone facades for two or 
three stories. Above the second story the exterior 
of the Maryland Trust Buildingisornamentalterra 
cotta. This, owing to its highly ornamental form, 
broke and chipped in many places, but was in 
much better condition and far superior in ap- 
pearance to the stone facing below, all of which 
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had spalled and cracked seriously. In the Tinion 
Trust Building the stone facing had suffered in the 
Same way, but the brick* walls above were in ex- 
cellent condition. Both of these buildings were of 
steel and terra cotta construction. The steel 
work showed no evidence of general injury and 
except for detail failures the protecting terra cotta 
was in good condition. 

The largest of the Baltimore tall buildings was 
the Continental Trust Building, 16 stories high, 
located at Baltimore and Calvert Sts. This build- 
ing was completed about a year and a half ago 
and was claimed by its owners and builders to be 
of the most recent and approved type of cage con- 
struction in all details. A rear view of this build- 
ing is shown in both Figs. 5 and 6. This is the 
most seriously damaged facade and to the. lay- 
man presents a rather terrifying spectacle. In 
reality, however, the damage done is quite super- 
ficial. The window mullions of cast iron and 
some of the sills and curtain beams were warped 
and twisted and the brick veneer in places and 
much of the plastering had peeled off. These were 
not structural parts; indeed, structural 
framework is nowhere exposed except where the 
lower beam flanges are bared in places. The col- 
umn protection is everywhere intact and the par- 
titions are generally in place. The floors in a 
number of cases show breaks through the lower 
tianges of the tile, but few of them have failed 
completely even for a single panel. Generally 
speaking the building as a structure is intact as 
to skeleton, and only a little damaged as to fire- 
proofing. 

In all of the fireproof buildings which have been 
named the entire contents were destroyed; every 
window had been taken out; all the ornamental 
and marble work, the wooden floor strips, glass 
and trim and all the fixtures had been destroyed; 
practically every combustible particle of the struc- 
ture was in ashes. The heat in places had been 
sufficient to soften cast iron until it bent like 
putty and to fuse typewriting machines and or- 
namental fixtures into solid masses. Inone case 
only, were the windows protected. by fireproof 
shutters. The rear wall of the Maryland Trust. 
Co. had underwriters” shutters of wood shéetéd 


Herald. In all of these the steel framework is in- 
tact and plumb and with a new member in one or 
two places will be as good as new; in all of them, 
the exterior walls are structurally sound, al- 
though exhibiting surface blemishes due to spall- 
ing in all but one, 90% of the floor arches are in- 
tact, and of the remaining arches not more than a 
quarter will have to be wholly rebuilt; in all, 
every window is gone, and every item of finish and 
contents has been destroyed; in all, ignition re- 
sulted from the flames of a@jacent non-fireproof 
buildings breaking through the unprotected win- 
dows. This is the record of the fireproof build- 
ings in the Baltimore fire. In a succeeding issue 
we shall present a further discussion of the 
wreck caused by the Baltimore fire and of the 
lessons that may be drawn from it. 


THE PROPOSED TUNNEL FOR WATER DEVELOPMENT 
FOR SANTA BARBARA, CAL.* 


The city of Santa. Barbara, in Southern Cali- 
fornia, is situated on ‘a. narrow coastal plain, 
backed by a high range of mountains. It is a 
locality blessed with great beauty, being some- 
times called the American Riviera, but with natu- 
rally a deficient water supply. The streams com- 
ing off the coastal face of the Santa Ynez Range 
are small in drainage area and flashy in regi- 
men. 

This Santa Ynez range of mountains consists 
of shale and sandstone, the strike of the forma- 
tion being parajlel td the coast and the dip prac- 
tically vertical. The rocks are fissured, and there 
is stored therein a ‘material quantity of water. 
The city of Santa Barbara has run a tunnel line 
5,000 ft. in length into this range of mountains. 
It was found that, during the time when this tun- 
nel was being actively extended, a sufficient quan- 
tity of water was “developed” to supply the 
greater portion of the city; in other words, that, 
as the tunnel progressed, one fissure after an- 
other was opened, which, in draining off, main- 
tained a substantial flow from the tunnel. When 
work was suspended, this supply materially de- 
creased, In’ order’ to regulate and control this, 


: the ‘interesting experiment was adopted of build- 


f Continental Trust 


Maryland Trust 
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FIG. 5. A GROUP OF BALTIMORE’S FIREPROOF BUILDINGS AFTER THE CONFLAGRATION. 


with steel plate at every window. These had been 
closed before the building took fire, but it is im- 
possible to ascertain what protection they offered 
since the building was ignited from the front and 
side windows. They were, however, subjected to 
fire on both sides, and under this attack most of 
them had burst open, all were badly warped and 
twisted, and some of them hung in ribbons. ° 

Strictly speaking the only buildings of steel cage 
fireproof construction in the Baltimore fire were 


the Continental Trust, the Maryland Trust, the. 
Equitable, the Union Trust, the Calvert and the 


ing a masonry whine near the ps end of 
the tunnel, -and inserting therein a pipe with a 
gate so that the tunnel could be tightly closed. 
This was not placed in time to get the full benefit of 
the but the opéning was partly closéd 


beforezthe of-the-so-falled wet;seasén. .’The: 


rain waters accumuiating«in the. fissures in the 


rocks were be stored,therein., A pressure gage 
ulkhead indicated” that’ the tun-. 


placed. in this 


this sfatemeht We are indebted to°Mr? B. Lippin- 
cot4, -M.. Am.- Soo. C. ‘Resident’ 
Los Angeles, T ; 


E:, 


nel not only filled, but that a “head” 
was accumulated in the fissures, noty “ 
ing the fact that the flow was not entir. 1 
but only reduced from about 500,000 t 
gallons per day. During the rainy se 
local streams furnished an adequate «), 
the city. As the rainy season passe, 
in the tunnel dam was slowly opened 
stored water was used during the past 


Fig. 6. The Fireproof 
structed in 1898. 


“Herald” Building, Con- 


successfully carry the city through the dry por- 
tion.of the. year,.the output being.about 250,000 
gallons. daily. for 200 days, after which the gate 
was entirely opened and a decreased supply con- 
tinued. The town, of Santa Barbara, however, 
is growing so rapidly that an additional water 
supply is urgently needed. 

The U. S. Geological Survey has made a general 
study of the water supply of Southern California, 
and of the Santa Ynez River in particular. The 
stream flows westerly on the northern side of 
the Santa Ynez range of mountains, entering 
into the Pacific Ocean some 80 miles northwest- 
erly from the town of Santa Barbara. These in- 
vestigations indicated that this stream discharged 
a large amount of winter flood water, which 
passed on unused to the sea, although, during the 
summer time, the river went entirely dry. At 
a point north of Santa Barbara, the Santa Ynez 
River basin contains 220 square miles. Reservoir 
sites of unusual value occur therein, and the im- 
pounding of the winter water would furnish an 
adequate ‘supply, not only for the domestic use 
of the ‘city of Santa Barbara, but also for the 
irrigation of a large area of suburban land, pro- 
vided the water could be delivered from the reser- 
voir sites to the city. Benefiting by the investi- 
gations. of the U. 8. Geological Survey, surveys 
have ‘since been made by the city over this range 
of mountains, showing the possibility of diverting 
the flood waters of the Santa Ynez River from these 
reservoirs to Santa Barbara by means of a tunnel 
19,560 ft. in length. There will be no shafts, and 
the tunnel will be run from two headings. [sti- 
mates. have been prepared on the cost of 
the entire work and the city has voted the bonds 
to- build the tunnel, which is the first stage in the 
general ‘water development. The construction work 
will probably begin within the next 60 days and 
the city will receive bids for the tunnel until 
Feb. 23, It will be 7 ft. high, 5 ft. wide on the 
base, and 8 ft. 6 ins. wide at the top. It is 
estimated that it will take approximately ‘ive 
years to construct, and that, during the ti< it 
is being run, sufficient water will be “deve! |: ed” 
to sustain the city, so that when the tunn:! is 
completed, the flood waters of the Santa Ynez 
River can be turned therein. The construction 
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on the Santa Yuez River will follow. 
. mina ». hoped this work will solve the water 
this beautiful coastal district. 
prod: 


PROGRESS OF ENGINEERING WORK FOR THE ST. LOUIS 
EXHIBITION. 


: account of the varied and extensive 


work for the Louisiana Purchase Ex- 
hibition St. Louis was given in our issue of 
april 23, 1 8, and we give below a summary of 
he prog::ss of this work up to Feb. 1, 1904, from 
a state? kindly prepared for us by Mr. Rich- 


ard H. Phillips, Chief Engineer of the Department 
of Civil Engineering. 

SEWE!S.—The storm water drains, including 
the main channel of the River Des Peres, have all 
peen finished at a total cost of $236,706. The sani- 


tary sews 's, varying in size from 6-in. to 30-in. 


vitrified pipe and 4-ft. brick sewer, have been 
completed at a total cost of $93,825. There are 
a few concession restaurants yet to be located, 
which wil! require,some runs of vitrified pipe, but 
the amount to be done is small. The sewage 
pumping station has been in commission for a 
number of months. The full installation of four 
12-in. centrifugal pumps with four 75-HP. motors 
has not been entirely completed, however, but it 


is expected that this will be completed and in 
full operation by March 15. The pumping station, 
including pumps, motors and the companion pa- 
yilion, cost a total of $30,285. 

WATER SUPPLY.—The high-pressure system 
of water pipes, costing $258,382, is 96% done. This 
work includes all pipe in streets, pipe in build- 
ings, roof pipe, sprinkler system in high towers, 
and sprinkler system underthe elevated portion of 
the Fine Arts Building. Four fire engine houses 
have been built and fully equipped, two of them 
being for double companies. 

PAVING.—For asphalt paving, the amount ex- 
pended has been $83,000. There is a small amount 
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of this work yet to be done on account of the loca- 
tion of special pedestals for statuary, balustrades 
of bridges, ete. The “Pike,” along which most of 
the concessions have been located, has been paved 
with brick at a total cost of $46,876. This street 
is 90-ft. wide and has a 3-ft. cement gutter down 
the center. There is a slight drop from the build- 
ing line of the concessions to the center of the 
street. Ornamental lamp-posts are placed 75 ft. 
apart along the “Pike,” with a high-pressure hy- 
@rant near each lamp-post. 

The roads built of macadam have been com- 


Dining 


rater ale thay 


FIG. 2. PLAN OF COMBINATION DAY AND PA 


exposition period. At present these roads are sur- 
faced with macadam only, and will not be given 
their final dressing until just before the opening. 
The total amount expended on macadam roads is 
about $150,000; telford roads, $17,923, and clay 
ballast, $12,000. 

Grading to the amount of 2,161,089 cu. yds. has 
beeri done, the total cost being about $392,247. 

LAGOONS.—Eight lagoon bridges have been 
completed at a total cost of $75,000. Lagoon 


COMBINATION DINING, PARLOR AND DAY CARS. 


A matter which comes up periodically for dis- 
cussion in railway circles is the provision of parlor 
and dining-car accommodation on fast trains over 
what may be termed secondary routes, where the 
patronage of this class of service is limited, but 
does exist to some such extent as to warrant its 
consideration. To haul a heavy parlor car and a 
dining car on a route where only a few people 
would use them is a very expensive proceeding, 
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FIG. 1. COMBINATION DAY AND PARLOR CAR; CINCINNATI, HAMILTON & DAYTON RY. 
Barney & Smith Car Co., Dayton, O., Builders. 


revetment and lagoons calculated to hold 20.000,- 
000 gallons of water, and having an area of 750,- 
000 sq. ft., have been completed at an expense of 
$85,000. The bottom of the lagoons has been cov- 
ered with macadam at an expense of $20,000. The 
timber work, cement steps, cascade basins, foun- 
tains, etc., have been completed at an expense of 
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70 O'over Sills 


$110,000. These figures on the lagoons and cas- 
cades, however, do not include the ornamental 
staff work, metal urns and plaster finish, which 
have been completed at a cost of $152,000. This 
last figure, however, includes four small bridges 
across the south lagoon. 

RAILWAYS.—The World’s Fair terminals, with 
19.4 miles of track, including classification yards, 
etc., have cost $338,225. There are a few of these 
tracks yet to be placed, but they are built as 
needed. The Intramural Railway, not including 
stations, has been completed at a cost of $103,883. 
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and yet there may be a certain demand for ac- 
commodations superior to those of the ordinary 
day car and the lunch rooms at country stations. 

This problem is being solved on some roads by 
the use of combination cars, and these are usually 
operated by the railway companies and not by 
private car companies. On the Chicago and Cin- 


z 
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RLOR CAR; CINCINNATI, HAMILTON & DAYTON RY. 


cinnati route formed by the Chicago, Indianapolis 
& Louisville Ry. and the Cincinnati, Hamilton & 
Dayton Ry., two types of combination cars are 
used. One of these is a combination day and 
parlor car, with toilet rooms for both sections, and 
a smoking room for the use of passengers in the 
parlor section. The other is a combination dining 
and parlor car. 

A view of the combination day and parlor car 
is shown in Fig. 1, while Fig. 2 is a floor plan. The 
car is 70 ft. long over the body and sills, and 77 ft. 
6 ins. over the platforms, which are enclosed by 
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FIG. 3. PLAN OF COMBINATION DAY AND DINING CAR; CHICAGO, INDIANAPOLIS & LOUISVILLE RY. 
Charles Coller, Master Car Builder, Lafayette, Ind. American Car & Foundry Co., Jeffersonville, Ind., Builders. 


pleted, though, of céurse, a great deal of street 
cleaning will be necessary and considerable re- 
hewals and finishing work will have to be done 
after all the construction work is:completed. For 
png purpose, shipments of macadam of 1%-in. and 
2| size are delivered regularly. The exposi- 
tion company has stored and is receiving sufficient 
burnt-clay ballast for surfacing the macadam 
Toads which are to be used as walks during the 


Part of the tracks now being used by the World’s 
Fair terminals for switching purposes will be put 
into: use-for the Intramural tracks. This will re- 
quire a few new connections and crossovers, mate- 
rial for which is on hand and which will be put in 
promptly when it is necessary. 

BUILDINGS.—The main buildings are all prac- 
tically completed and the installation of exhibits 
has begun in earnest. 


wide vestibules of the modern type, as shown. At 
one end is the parlor section, 24 ft. 3 ins. long, 
with 12 revolving chairs and a sofa. At the other 
end is the ordinary day section, 23 ft. 5 ins. long, 
with 16 high-backed seats. The toilet rooms for 
this section are at the extreme end of the car. At 
the middle of the car are the smoking room and 
toilet rooms for the parlor section, a corridor af- 
fording communication between the two sections, 


77 ] 
| 
= 
| 
— 
| 
Th | 
| 
| 
y 
i 
| J 
Parlor Sectior | 
A 
Portiere "Water Tank 
| _/= = 
ENG NEWs “(74 
} 
4 
locke Table | ) | 
| | 
| Room - — | = bo te 
Kitchen is 3 | 
} 
= 
il 
} 
it 
° 
n 
7 


1 
é 


~w 


150 


ENGINEERING NEWS. 


Vel. LI. wn 


The car is mounted on four-wheel trucks, and was 
built by the Barney & Smith Car Co., of Day- 
ton, O. 

On the Chicago and Louisville day trains of the 
Chicago, Indianapolis & Louisville Ry., combina- 
tion parlor and cafe dining cars are used. ‘The 
dining-room, which has only two tables, is at one 
end of the car, and is connected with the parlor 
section by a corridor passing around the kitchen, 
smoking-room and toilet-rooms. The latest type 
of combination car on this road is a combination 


of spiral springs between the frames and equali- 
zers. The center plates and side bearings are of 
the Baltimore ball-bearing pattern. Steel-tired 
wheels are used, of the McKee-Fuller make. The 
weight of the car is 104,600 lbs., of which the 
trucks represent 29,600 Ibs. 

The Louisville & Nashville Ry. also runs com- 
bination dining and day cars on certain routes. 
One of these cars is illustrated in Fig. 5, from 
plans sent us by the late Mr. Pulaski Leeds. The 
car is 65 ft. long over the body and sills. At one 
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FIG. 4. DOUBLE BOLSTER TRUCK FOR COMBINATION CAR; CHICAGO, 


day car and dining car, a plan of which is shown 
in Fig. 3. This was designed by Mr. Charles 
Collier, Master Car Builder, and built at the Amer- 
ican Car & Foundry Co.’s works at Jeffersonville, 
Ind. The car is 70 ft. long inside, exclusive of the 
vestibuled platforms. The coach section has seats 
for 48 passengers, and adjacent to this is the 
dining-room, with 18 seats. At one end of the car 
is the kitchen,, and the two toilet rooms are at the 
opposite end. The interior finish is of mahogany, 
with upholstering in green. 

The car is fitted with the Consolidated steam- 


Half Longitudinal Section. 


end are the toilet room and heater, on oppos'te 
sides. Next to these is the passenger section, 25 
ft. 6 ins. long, with 14 high-backed seats, accom- 
modating 28 passengers. Then comes the dining- 
room, 20 ft. 214 ins. long, with six tables, accom- 
modating 24 persons at once. The kitchen ..nd 
serving room take up the rest of the car, 18 ft. 3 
ins., and a corridor affords communication past 
the kitchen to the other end of the car. There are 
four electric fans, two in each of the passenger 
sections. There are 49 lights, of which 36 are in 
six six-light ceiling clusters (three in each of the 


INACCURACY IN SOME ENGINEERING APPRQ\;\\ 
FORMULAS FOR ELEVATION OF OUTER 
CURVES. 


By W. D. Taylor,* M. Am. Soc. c 


A good deal has been said in Enginee: 
recently about the necessity of every « 
using plain, well-considered and correc: t 
ogy in engineering papers; and a Fe4 
stereotyped expressions in use in nu 
specifications have been condemned for .- 
sufficient reasons. The writer would c, 
tion also to the fact that’ among engin: 
habits in diction are probably no more 
than loose habits of thought. We engine , 
times acquire habits of using approxima: 
ods where an accurate method would }b; 
difficult to apply. The old-time field raj| 
gineers are usually great advocates of 
mate methods. The writer at one time w: lled 
on to approve the construction records 0: 
gineer where the company the writer re) nted 
was to pay a certain annual interest perc: e 
half the cost of construction of a certai: stly 
line for the privilege of joint rights in o; ation. 
The work had been laid off in a great ru) ang 
the cross-sections had not been made as n as 
wag advisable in such rough country. Wh 1 the 
construction notes Were submitted to the «riter 
he found individual stations whose conten s had 
been calculated by the method of averaging enj 
areas, which gave as much as 20% in excess of the 
true contents. There were two piers of first-class 
bridge masonry on this work, each of 
dimensions, as nearly as the writer can recall, 
were about as follows: Size under coping, 5 « 22 
ft.; batter all around, 1-12; height, 80 ft. In cal- 
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culating their contents the area under coping was 


Half End Elevation. | Half Cross Section 
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INDIANAPOLIS & LOUISVILLE RY. 


taken and averaged with the area at the bottom 
of the pier. Let any engineer make the calcula- 
tion for himself and assume the masonry to cost 
$12 per cu. yd., and he will find that the contractor 
would have been paid on these two piers alone 
more than $2,000 in excess of what was due had 
not a prismoidal correction been insisted upon. 
The method of averaging end areas is sufficiently 
accurate when used intelligently, but an engineer 
should know when his approximations do not ap- 
proximate. 

To mention another familiar case of approxima- 
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FIG. 5. PLAN OF COMBINATION DAY & DINING CAR; LOUISVILLE & NASHVILLE RY. 


heating system, Pintsch gas lamps, and Sessions 
steel platforms (with C., I. & L. Ry. buffer attach- 
ment), and Trojan couplers. A special feature of 
the car is that although both long and heavy it 
is mounted on four-wheel trucks, which are spe- 
cially designed for the service and are of the 
double-bolster type, shown in Fig. 4. These have 
four sets of elliptic springs between the bolsters 
and spring planks (12-in. channels), and four sets 


two passenger sections), while the others are in 
single and double wall brackets. It will be noted 
that while the car of the Chicago, Indianapolis & 
Louisville Ry. accommodates 48 passengers in the 
coach section and 18 in the dining-room, the car 
of the Louisville & Nashville Ry. accommodates 
28 and 24 persons, respectively. The dining-room 
is, of course, for the use of all passengers on the 
train. 


tion. Take the familiar formula connecting the 
superelevation of the outer rail with velocitics on 
curves of different degrees: 
G v? 
82.16 R 
or, in more conventen} fotm, E = 0.00069 ie: D. 


*Professor of Railway Engineering, University of Wis- 
consin, Madison, Wis. 
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The wri 
with wl 
in this 


jatter tance, 


ter nes peen surprised at the unanimity 
h some field engineers do not see that G 
>mula is not the distance between the 
es put the distance between rail head 
withstanding the fact that every field 
book on track on the writer’s desk at 
.. which mentions the subject at all, such 
Ete Webb, Wellington, Searles, Carhart, 
is ‘and Camp, plainly states or indicates 
orreet value for this constant is the 


In March, 1902, the committee on track of the 


American 


Railway Engineering and Maintenance 


¢ Wa) \ssociation submitted a report in which 
0 ay 


“egsentiali 


y correct theoretical elevations” when 


G was taken as 4.708 ft. In the discussion of the 
report the writer suggested that 4.9 be substi- 
tuted for 4.7. To this suggestion the Chairman 
of the committee said: “T do not think that the 


committe: 


would feel like accepting that amend- 


ment without working it out. The results worked 
out from the formula as they stand vary less than 
-in. for different speeds from results worked out 
by the absolutely correct theoretical formula, 


There was a table worked out to accompany the 
report connecting the velocity and the super- 
elevation which gives elevations too small for 
the corresponding velocities by about 4%. The 
authority of this association now stands be- 
hind this incorrect table. Probably no trains 
will ever be turned over on account of the error 
in this table, but ought engineers be content to ac- 


cept even an approximate 
gineering truths which 
contains a constant 
error of as much as 4%, 
especially in such a case 
as this where a correct 
table is as easily calcu- 
latedas anincorrect one? 

The writer recently 
had submitted to him 
for criticism by a fellow 
engineer some most ex- 
cellent (copyrighted) 
diagrams for use in put- 
ting in supereievation and 
transition curves, in one 
of which diagrams 
curves of different de- 
gree had been plotted 
from the second formu’a 
above, using supereleva- 
tions in inches for ordi- 
nates and speeds in miles 
per hour for abscissae. 
But the constant us:d 
had been 00066 instead 
of (C069. In defending 
the use of the former 
constant, the engineer 
referred to said: “The 
trackman uses a 4-ft. 
S'-in. gage, and the ele- 
vation is given to the 
Nearest quarter of an 
inch for that gage.” 
Now, that is precisely 
what the trackman 
doesn’t do. If the track- 
man attempts to elevate 
one rail 6 ins. above the 
other, he makes the 
outer corner of the out- 
side rail 6 ins. higher 


her of the inside rail 


sketch). 


table setting forth en- 


THE FREEZING PROCESS FOR CALKING A COFFERDAM 


On page 127 of our last issue we briefly no‘el 
the use of the freezing process on a small scale 
at the large cofferdam of the Union Electric L ght 
and Power Co., St. Louis. At our request the 
following particulars of that work, with a photo- 
graph illustrating it, have been sent us by Mr. 
W. V. N. Powelson, Assistant to the General 
Manager of the company named. 


Replying to your letter of Feb. 9, the cofferdam referred 
to is of the interlocking channel bar construction made 
of steel piles 50 ft. long and driven down to bed-rock. In 
driving these piles for some reason they got out of line, 
and as the dam now stands this steel piling is lapped in 
two places with an opening anywhere from 2 to 10 ins. 

At the time of the recent rise of the Mississippi River 
this dam, and the boiler-room behind the dam, had been 
excavated to a depth of from 10 to 20 ft. below the water 
level. The rising water washed out the dirt and other 
material placed around the part of the dam where the 
laps occurred and poured into the cofferdam and boiler- 
room excavations in quantities beyond the capacity of the 
pumps. 

After the river had fallen somewhat, three pipes were 
driven down about 20 ft. into the mud between the piling 
at each lap. These pipes were ordinary 2-in. pipes fitted 
with a solid conical block welded in at the bottom to form 
a spike. From the St. Louis Refrigerating & Cold Storage 
Co., situated two blocks from the cofferdam, ammonia 
pipes were run, consisting of a %-in. pipe for the liquid 
ammonia, and a 2-in. pipe for the vapor return. The %4-in. 
pipe was run down within a foot of the bottom of the 
2-in. pipe, which was driven into the mud and suitable 
connections were made at the top. The liquid ammonia 
entering the %-in. pipe passed down through it and into 
the 2-in. pipe and in a vapor condition into the return 
2-in. pipe to the refrigerating plant. 

Laborers were employed to pour water night and day for 
two days upon the pipes above the earth and water line. 
The result was that a coating of ice was formed around 
each 2-in. pipe forming a solid plug of ice which com- 
pletely closed the laps in the dam. 

Since the pipes were installed there has been a moderate 
rise in the Mississippi River and although the water is 


ELECTRIC LIGHT & POWER CO., ST. LOUIS, MO. 


than the inner cor- 
(see accompanying 


And these points are the same d'stance 


apart as the rail head centers and (except for 
slight inaccuracy on account of the coning on new 
Wheels) as the centers of pressure of the wheel 


treads on the rail heads. 


Of course if the gage 


is widened either by or on account of curvature 
and 80-lb, Am, Soe. C. EB. section rail is used, the 
constant 0.00069 itself is not large enough. 


now some 2 ft. higher than the stage at whicn it broke 
into the dam, the work is now dry. 


A ROLLING-LIFT BRIDGE OF UNUSUAL TYPE was 
put into service on the Newark Bay crossing of the Cen- 
tral Railroad of New Jersey on Sunday, Feb. 14. The bay 
is crossed by an old trestle bridge, some two miles long, 
in the middle of which is a swing-span. The latter has 
long been too light for the traffic, and is now being re- 
placed by two distinct draws, each of which is a Scherzer 


rolling-lift bridge of 110 ft, clear span or 120 ft. between 
centers of piers. The two draws are back to back, with 
the operating house between them. They may be oper- 
ated independently or together. One of the two spans oc- 
cupies part of the channel of the present draw, while the 
machinery house and the other span are clear of the draw 
The method of erection adopted to place the new draws 
without interrupting traffic is as follows: The machinery 
house and the span away from the present draw were the 
starting point. Concrete piers founded on piles were built 
underneath the old trestle, a rather difficult piece of work: 
the longitudinal girders carrying the machinery house and 
the rolling-track for the bridge were put in and the ma- 
chinery house built. The span was, as usual with Scher- 
zer bridges, built in raised position. It was completed, 
except for ties and rails and some of the heel bracing, by 
Feb. 14. Traffic on this day was diverted around the 
crossing by way of Newark. The heel bracing was put 
into place, that part of the trestle which occupied the fu- 
ture channel of the span in question was sawed off, and 
the span then was successfully lowered down on to. the 
far abutment pier. Rails and ties were placed on the 
stringers and traffic was resumed by night. As soon as 
navigaton opens this new draw will be used for passing 
vessels, the o!d draw will be closed permanently, and the 
other rolling-lift span will be erected as soon as its piers 
have been placed. A fuller description of the work will 
be given in our columns shortly. 


> 


THE WABASH RY. CANTILEVER BRIDGE over the 
Monongahela River at Pittsburg, Pa., is near completion, 
the first connection of the two sides having been made a 
few days ago. This bridge was described in a general 
way in our issue of November 20, 1902, but a fuller 
account of the work will be given at a future date. 


- 


THE STEAMSHIP “DAKOTA,” for the trade from the 
Pacific terminus of the Great Northern R. R. to Oriental 
ports, was launched from the yard of the Eastern Ship 
Building Co., at New London, Conh., on Feb. 6. The 
“Dakota’’ is a sister ship to the ‘“‘Minnesota,”’ launched 
from the same yard in April, 1903. These vessels are 
among the largest afloat, being excelled in size only by a 
few of the latest additions to the White Star fleet, as 


reported in detail in our issue of Dec. 10 last. 


TROUBLE FROM SNOW SLIDES on the Union Pacific 
Ry., in California, is reported in a news dispatch. It is 
said that snow sheds have been crushed at a number of 
places, and traffic blocked temporarily. 


A SURVEY OF THE ALASKA BOUNDARY on the 
basis of the arbitration agreement reached last summer, 
is to be carried out jointly by the United States and 
Canada. Superintendent O. F. Tittmann of the U. §S. 
Coast and Geodetic Survey and Dominion Astronomer 
W. E. King constitute the commission which is to conduct 
the survey. 


THE PARIS METROPOLITAN RAPID TRANSIT LINE 
will, as an indirect result of the great tunnel holocaust 
a year ago, make a trial of the electro-pneumatic system 
of train-control developed by the Westinghouse Electric 
& Mfg. Co., of Pittsburg, Pa. It is stated 100 car-equip- 
ments of this type have been ordered. 


THE TOTAL COAL PRODUCTION of the United States 
from the beginning of its mineral industry up to Dec. 31, 
1902, is estimated, by the U. S. Geological Survey, at 
4,8€0,000,C00 short tons. That means that a pyramid built 
of this material as high as Pike’s Peak (14,108 ft), would 
have for its base a rectangle 1.14 miles square. If the 
coal were spread out over tse states of Rhode Island and 
Connecticut it would cover both of them a foot deep. 


+ 


HARBIN, the commercial and administrative center of 
Manchuria, according to U. S. Consul Miller of Niuch- 
wang, has grown in three years from a village to a 
city of 69,000 population, according to a census taken last 
October. The railway and administration employees con- 
stitute 11,000 of the population, and the Chinese, who 
becupy a separate quarter, number 40,000. The Ruesian 
government has expended about $15,450,000 on the city. 
At this place the Chinese Eastern Ry. branches from the 
main line to Viadivostock and runs north to Port Arthur. 
There is also water transportation for light-draft steam- 
ers up the Sungari River for 200 miles, while large steam- 
ers run down the Amur River, a daily service being estab- 
lished. It is a five-days’ voyage to the junction with the 
Transsiberian Ry., where connection is made with trains 
for Viadivostock. 

The country around Harbin is a great wheat growing 
district, and eight large flour mills are now in opera- 
tion, which witli be of great assistance in supplying the 
Russian armies in the East. 
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The remark quoted in a letter from Cincinnati 
in this issue that the Baltimore sky-scrapers were 
“destroyed by the flames like grass in a prairie 
fire,” is matched by a report received in the same 
mail from a Chicago correspondent who writes: 
“The reports here said that 16-story buildings 
were reduced to ashes in a few minutes,” as well as 
by the report of a newspapercorrespondent on the 
spot who averred that “the steel-frame fireproof 
buildings in Baltimore burned up as if they were 
made of papier mache.” 

The contrast needs no emphasis between the 
picture set forth in these reports and that given 
in the photographs published in this issue, with 
the statement of a member of our own editorial 
staff prepared after inspection of these buildings. 

Unfortunately, however, the general public 
forms its opinions, not from the careful state- 
ments of technical journals, but from the first 
hurried and sensational reports of the daily 
press, such as those quoted above. For many 
years to come, we presume, architects and engi- 
neers will find clients who are opposed to fireproof 
construction because, forsooth, “all the fireproof 
buildings in the Baltimore fire were burned up!” 


The American Institute of Electrical Engineers 
did a notable thing in making its annual dinner, 
last week, a celebration of the 25th anniversary of 
the invention of the incandescent lamp and of the 
birthday of its inventor, Edison. It would be dif- 
ficult to name another invention so small in physi- 
cal size, out of which such large results have 
grown. 

The most impressive feature of the incandescent 
lamp invention, viewed with our present knowl- 
edge, is that its originator and those associated 
with him should ever have been able to make it a 
commercial success. 

The principle of the lamp was simple enough. 
It was known that carbon was a conductor of 
electricity, and was an unsurpassed source of il- 
lumination when heated to ineandescence. It was 
also known that a supply of oxygen was neces- 
sary to combustion. If then a carbon rod were 
made slender enough to offer such resistance to 
-the flow of current as to be heated to incan- 
descence and were placed in a closed glass cham- 
ber from which the air was exhausted, it should 


glow without burning up, and an incandescent 
lamp would be produced. 

But between the first incandescent lamp, cre- 
ated by the utilization of these well-known prin- 
ciples and the commercial success of incandescent 
lighting, there was a multitude of obstacles to be 
encountered; and it was in encountering these ob- 
stacles with full faith in ultimate success that 
the genius of the inventor and the courage of 
those financially associated with him were most 
notably displayed. 

We may easily imagine some capitalist con- 
sidering an investment in the new invention at its 
start, and exhibiting the new lamp to an expert 
with a request for advice. The expert, if thor- 
oughly posted on the state of the industrial arts 
at that time, and if as conservative in judgment 
as an expert ought to be, would have had to re- 
ply about as follows: 


This is a very ingenious invention and it gives a very 
pretty light; but I must warn you that there are very 
strong chances that it can never be anything more than 
the mere scientific toy that all previous electric lamps, 
with the sole exception of the arc lamp, have been. 

In the first place the whole existence of the lamp de- 
pends upon a long, slender piece of carbon, which is noth- 
ing more than charcoal, as fine as a human hair. All our 
knowledge of charcoal goes to show that it is an ex- 
tremely weak and fragile substance. It is true that the 
specimen you show me seems to have really surprising 
strength to resist jar, etc., without rupture, but the 


chances are strong that after it has been heated to in- ; 


eandescence for some time it will grow more brittle. 

Suppose, however, that this difficulty can be overcome, 
the point that appeals to me is: Can these lamps be made 
at a cost low enough to make them commercially practi- 
cable? The lamp consists of a glass chamber which 
must be specially blown, prepared and annealed and must 
withstand high temperature, while at the same time liable 
to exposure to cold drafts, and all the while under an 
external pressure of 15 Ibs per sq. in. This glass globe 
must have a metal base attached with means for auto- 
matically connecting the current from the supply wires to 
the carbon filament; the carbon filament must be formed 
and put in place with nobody knows what expense and 
difficulty, and must be connected to -wires made-of -plati- 
num, a metal as rare and valuable as gold. Besides this, 
the interior of the lamp must be exhausted of air with a 
nearer approach to a perfect vacuum than has ever been 
attained, save in the most elaborate and costly experi- 
ments in a scientific laboratory. 

This is what must be done to produce each lamp, and 
if the lamp costs more than a fraction of a dollar, its 
commercial use will be exceedingly limited, if, indeed, it 
ever comes into use at all. 

We do not think the above imaginary statement 
at all exaggerates the discouraging report that 
any conservative scientist would have felt 
bound to make on the incandescent lamp as first 
invented. Yet these difficulties and a host of 
others which we have not enumerated have all been 
surmounted, and we buy to-day an incandescent 
lamp, to whose creation all the resources of in- 
ventive genius and scientific investigation have 
been taxed, for litthe more than the cost of a 
common glass lamp chimney! 

As for the unforeseen results that have grown 
from the commercial perfection of this little 
bulb of glass enclosing a carbon filament, it 
would take pages to record them. It has created 
new industries by dozens and hundreds. It-has 
furnished a profitable field for the investment of 
capital measured in hundreds of millions of dol- 
lars; it has set a thousand cataracts at work for 
the benefit of the race; it has made a revolution 
in the comfort and safety of ocean travel and, 
indeed, of all travel and transport by water. 

Let us not forget, too, that thisvast range of new 
industries have givenemployment and opportunity 
to tens of thousands of civil engineers, mechanical 
engineers and mining engineers, as well as to the 
electrical engineers in whose particular depart- 
ment of the profession the development first. be- 
gan. It seems to us an admirable illustration of 
the interdependence of the different branches of 
the engineering profession. 


> 


A recent news-item-from an Bastern city states 
that ina. building in course of erection in that 
city a gection of floor on which were piled sev- 
eral. tons of building material gave way and 
dropped. through two or three floors below to the 
basement. There is nothing in such a piece of 
news that‘néeasurprise builders or building en- 


gineers. It is common practice in }); 
to use completed floors as storage spac 
rial; brick, cement bags, tile, lum! er 
not are brought in and piled on com 
or floor sections until needed in the , Ben, 
the work. The character of the fio, : 
lated strength, its age or conditi 
rarely given special thought. So it } 
a floor designed for a safe total load 
best 150 Ibs. per sq. ft. is made to ca , 
brick or cement equivalent to a loa: 
that amount. The mortar in the joint 
tile. or the cement in the concrete e:;, 
floor, may still be too soft to give the ; 
designed capacity; yet the floor is ¢) 
loaded in such a way that its margin 
seriously encroached on and sometim: 
Failures of floors or parts of floo: 
from such conditions are not exactly r 
they are seldom heard of. When they 
building is still in the hands of the eo, ns 
whom the loss falls, and he is genera iekee 
to keep the accident from the knowlede. 
as far as possible. Fortunately loss 
these accidents is rare. The collapse: 
floor is rebuilt and the failure is forgot 
A failure, however, is not the only or yen 4) 


ife in 


most serious result of overloading si: is has 
been described. The unknown and unk: wnable 
margin of safety in the freshly-complet:; floor 
in the majority of cases sufficient to pr vent 
direct collapse. But before the point of failure js 
reached the partially-hardened mortar 0; concrete 


is stressed to such an extent as to deform it, or at 
least to derange its set and give rise to puints of 
weakness in the construction. Or the load pileq 
on the floor may arch to some extent aiid relieve 
the floor as the latter deflects under the excessive 
load, thus preventing collapse, but giving no 
fuarantee that the strength of the floor 


is not 
materially impaired by the deformation. The ro- 
sulting weakened condition is practically beyond 
detection, and the floor is put into service with its 
strength reduced below that which the construc- 
tion was planned to have. 

Careful watching to guard against overloading 
of a floor while the building is being erected sug- 
gests itself as the remedy, unless the floor is fig- 
ured for particularly light loading, in which case 
it is worth Consideration whether an increase in 
the figured loading ought not to be made to pro- 
vide for erection stresses greater than _ those 
planned for and greater than the stresses to which 
the finished structure will ever be subjected. In 
the case of a tier building, the upper floors are 
generally figured for a very light live load, corre- 
sponding to the light service to which thes floors 
will probably be exposed. It requires only a 
small pile of brick or cement to exceed this live 
load, and then the condition of overloading is 
reached even though the floor may have already 
attained its full strength. If the floor be not de- 
signed with a view to these loads, then strict in- 
spection should be maintained to the end that no 
floor section is overloaded with building material 


during construction. 


A recommendation for an increase in the Corps 
of Engineer officers of the U. S. Army was made 
by Gen. Gillespie, the late Chief of Engineers, in 
his last annual report, and this recommendation 
has now been renewed by his successor, Gen. Mac- 
kenzie, and by Secretary of War Root, prior to 
his retirement. 

This request may seem surprising at first, in 
view of the fact that an increase in the corps was 
made only three years ago; but Gen. Gi liespies 
report makes clear the reason why the demands 
on the officers in charge of river and harbor work 
are greater now than ever before. We quote the 
following extract from the report: 

The act of February 2, 1901, increased the organization 
of the Corps of Engineers from 127 officers to it and the 
enlisted strength from one battalion to three | vedilene, 
The increase of officers was made up of 5 cap(2ins, 1 
first lieutenants, and 18 second lieutenants. The exire 
battalions require the exclusive service of the Howag 
officers: Two majors, 8 captains, 12 first lieutenants, a0 
8 second lieutenants; the net effect of the increase “oe 
the loss of 7 officers from the grades which are most & 
fective for duty other than with troops. 

While the organization of the Corps of Engineers pro 
vides for 160 officers, law, orders, and regulation: now pro- 
vide for not less than 110 tions that must be filled by 
officers of the Corps of gineers, independent of duties 
relating to. construction of fortifications and works 
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+ herbor improvement. A further reduction in 
river sot less than 16 must be considered for offi- 
pum jeave, or undergoing instruction at schools 
cers >. As @ result there remain but 27 officers 
of ap) Jable for construction work in not less than 
spe’ ing districts throughout the country. 

Th: a general impression among civilian 
‘1 that the Corps of Engineers is chiefly oc- 
yond River and Harbor works. The above 
pend ows that this is far from being the ca3e. 
Fort on works, the construction and repair 


of lig? houses, the construction of public build- 
municipal engineering of the national 


pec e improvement of Yellowstone Park, the 
puild ¢ dams for impounding mining debris in 
Calif , and the survey of the Northern Lakes 
are & « the other duties which must be dis- 
charged by the Corps; and it is to be noted that 
the constant tendency is to increase the amount 
of work assigned to this organization. 


As the case stands, according to General Gil- 
lespie, there are only 22 officers available to take 
respons le charge of River and Harbor works in- 
yolving an annual expenditure of perhaps $20,- 
000,000 to $50,000,000, We doubt whether any en- 
gineering work in this country is carried on by so 
small an engineering force in proportion to the 
amount of money expended. 

Of course these officers have civilian assistants, 
but these men are notoriously underpaid, eonsid- 
ering the amount and character of the work 
placed upon them, particularly in the higher 
grades. While many very efficient and competent 
engineers are to be found among these so-called 
“Assistant Engineers,” the tendency is all the 
time for the best men to leave the service for some 
other field where a stone wall is not built across 
a man’s path toward promotion to higher respon- 
sibilities and a larger salary. 

General Gillespie’s recommendation was that the 
Corps of Engineer officers be increased from the 
present number, 160, to 185; as this is the very 
least that can properly supervise the work for 
which the Corps is now responsible. It is to be 
hoped that Congress may see fit to act upon this 
fecommendation. The government pays. out 
money in very few places where a larger return 
is given than it receives in the services of the 
Corps of Engineers; and it is not only unfair to 
these men to load them with more work than 
they can well perform, but the poorest sort of 
economy besides. 

When a man is given more duties than he can 
properly attend to, he must neglect some part of 
them. In the case of such work as River and 
Harbor improvement, an engineer will naturally 
and properly attend first to the quality of the 
work done under his charge, and if he must neg- 
lect something, he will let it be the matter of 
economy. 

We do not mean by this that he will neglect 
supervision of work under construction; but the 
greatest opportunities for economy are in the orig- 
inal design of works. It is often possible, by 
taking time to study over a completed plan, to 
find many ways of saving money either in first 
cost or in the cost of maintenance, without sacri- 
ficing quality in any way. It is this class of 
economies which the engineer whose employer be- 
lieves in economizing in engineering expenses is 
often obliged to neglect. 


> 


A possible menace to the public health of some 
9 per cent. of the population of Massachusetts 


now exists in the shape of Senate Bill No. 87, re- . 


cently introduced in the Massachusetts legisla- 


ture. To a large extent the proposed bill would - 


annul the present powers of the State Board of 
Health to make regulations for the sanitary pro- 


tection of the public water supplies of the State, 


since those regulations would be subject to alter- 
ation or annulment, on appeal, by juries in county 
courts. The verdicts of such juries, it is true, 
would not be effective unless confirmed by the 
county courts, but the effect of the whole act is 
to enable any aggrieved person to substitute 
county juries and judges for the State Board of 
Health. Other objectionable features of the pro- 
posed act are stated in our report of the February 
meeting of the New England Water-Works As- 
SPciation, elsewhere n this issue, and the*full b'll, 
with a detailed explanation of its significance, 
can be obtained from a committeé of the New 


England Water-Works Association, of which Mr. 
Willard Kent, of Narragansett Pier, R. I., and 
Charles W. Sherman, Division Engineer Metro- 
politan Water-Works, Boston, Mass., are mem- 
bers. It is to be hoped that the bill will not be 
passed, since it would be a backward step for 
Massachusetts and a stumbling block to sanitary 
progress elsewhere. 


BALTIMORE’S NEED OF A WELL-CONSIDERED MUNIC!- 
PAL PROGRAM. 


A rare combination of disaster and opportunity 
confronts the people of Baltimore. That they will 
prove superior to the one and seize the other 
was indicated by the fact that the news, “Balti- 
more in Ashes’ had hardly been sent over the 
country before it was followed by the announce- 
ment that citizens and officials were alike re- 
solved that out of the smouldering ruins there 
should speedily rise a new city far surpassing 
the old one. Those words of determination, ut- 
tered in the midst of overwhelming calamity, have 
been accepted at their face value and the coun- 
try now confidently awaits their fulfillment. 

Baltimore’s opportunity for increased municipal 
greatness is largely due to the fact that hereto- 
fore the city, like most municipalities, has de- 
veloped without regard to any well-defined plan. 
Nature and man have combined to swell the pop- 
ulation and industry of the city, but there has 
been comparatively little intelligent, concerted 
direction of the growth of the whole municipality 
and the means for supplying its wants. 

A well-considered municipal program is the first 
and greatest need for the rebuilding of Baltimore, 
By a municipal program we mean a broadly con- 
ceived plan for the future development of the 
city which shall take into account the needs of 
all branches of the municipal service, as well as 
the financial ability of the city to meet them, and 
shall “indicate the relative importance of those 
needs and thus the order in which they should 
be provided. We are pleased to learn that the 
necessity or desirability for some such action was 
promptly recognized by Mayor McLane and 
others, but there is grave danger that the pres- 
sure from all quarters for the speedy rebuilding 
of places of business will be yielded to before any 
well-considered plan can be matured. Moreover, 
herein lies a danger that the city will not only be 
rebuilt on essentially its old lines, but also that 
flimsy and readily inflammable structures will be 
erected. The latter danger will be all the greater 
because of the urgent need of providing new 
business houses. Only a thoroughly competent 
and fully manned building department will be 
able to resist the pressure due to motive of short- 
sighted haste and economy and to insist rigidly 
on the adoption of all reasonable safeguards 
against fire. 

As for providing a municipal program, that 
should be entrusted to a most carefully chosen 
body of representative citizens, acting with the 
heads of the various municipal departments, and 
provided with full authority and ample funds to 
employ engineering and other experts, not for- 
getting those competent to give advice regarding 
the artistic and other’ higher phases of city devel- 
opment. Such a commission as has been sug- 
gested should not confine itself simply to making 
good, or rather making better, the losses entailed 
by the recent fire. It should consider and plan fo. 
all the needs of the city for years to come, as 
well as the financial problems involved in meet- 
ing those needs. It should bear in mind the finan- 
cial strain to which the city will be subjected 
in its proposed regeneration and guard most care- 
fully against the starvation of some city depart- 
ments in order that others may be well provided 
for.* 

. To outsiders it would seem that the first two 
considerations in formulatingamunicipal program 
for Baltimore would be (1) widening and straight- 
ening streets, and possibly providing new streets, 
#ome of which might, perhaps, be on the radial 


*We understand that Mayor McLane has already ap- 
pointed a large advisory committee of citizens to aid the 
city officials in deciding some of the questions now press- 
ing for immediate settlement. This committee, we fear, 
is too large and too general in character to work out such 
&@ municipal program as we have in mind. 


or diagonal plan, at the same time having in 
mind the desirability of public squares and other 
open areas to furnish breathing spaces, to afford 
opportunity for esthetic effects and to assist in 
checking the progress of some future conflagra- 
tion, (2) fire resisting construction. These two 
measures, as all can see, need the promptest at- 
tention, since any readjustments of street and 
building lines should be made before rebuilding 
is begun and since the erection of buildings which 
will invite another conflagration should be pro- 
hibited from the outset. 

The experience of Baltimore has illustrated 
afresh, what every well-informed engineer al- 
ready knew, but what the general public is so 
slow to grasp, that no human ingenuity can de- 
vise a building of reasonable cost and _ utility 
which will withstand unimpaired the attacks of 
such a conflagration as raged last week in Bal- 
timore. On the other hand, if all buildings in 
the business section of a city were reasonably 
fire-resistant, as they might be at moderate 
cost, large areas could not be fire-swept and ut- 
terly destroyed. The fire-resisting power of mod- 
ern construction is well attested by some of the 
buildings standing in Baltimore to-day. To draft, 
enact, and, above all, to enforce the needed ordi- 
nances for fire protection in the rebuilding of 
Baltimore would require as much if not more 
moral courage than has yet been shown since 
the fire; and herein lies a fine opportunity for the 
new Baltimore to show its superiority to the old 
city. 

A crying need of Baltimore for some scores of 
years has been a system of sanitary sewers. That 
an American city with a population of more than 
500,000, standing sixth in the list of the largest 
cities on the continent, should still be without 
sanitary sewers, and yet should have spent hun- 
dreds of thousands of dollars for storm sewers, has 
long ‘been a mystery to sanitarians. At first thought 
it might appear that the city would now have 
to postpone indefinitely the introduction of sewers, 
but what a shame and what a business handicap 
and financial loss it would be to rebuild Baltimore 
and have neither sanitary sewers or the pros- 
pect of any with which to connect new buildings! 

Every city of the sizeof Baltimore should provide 
itself with subways for pipes and wires in order 
that all its underground furniture may ait all 
times be accessible for inspection, repairs and 
new connections without injury to pavements or 
interference with street traffic. The construction 
of electrical subways was begun some years ago 
in Baltimore, but some of the private companies 
using poles and wires have been very backward, 
to say the least, about availing themselves of the 
electrical subways provided by the city. Mr. 
Charles C. Phelps, Engineer of the Subways, is 
reported in one of the Baltimore papers as having 
made the gratifying announcement that the city 
Electrical Commission will not permit the erec- 
tion of a pole or the stringing of a wire, except 
trolley wires, in the burned district. Mr. Phelps 
is also reported as having said: 


The Electrical Commission met yesterday and decided 
upon this course. Most of the poles in the territory swept 
by the fire are already down. The rest are being taken 
down by squads of men under my diregtion. They are 
being cut up as fast as they are taken down and carted 
away for distribution among people who need wood. 

Under the direction of the commission our men are 
isolating the burned district from all live wires, and abso- 
lutely none for even telegraph, telephone or lighting pur- 
poses will be permitted to be strung. In this district the 
city conduits are completed and ready for the reception 
of wires of all companies. Most of the companies have 
their cables already on hand, while those that have not 
can easily get them. No permits for poles will be issued. 
They are down now and they will stay down. The com- 
mission has decided upon this course and will stick to it. 


Telephone wires were reported underground in 
the latter part of 1901; but the tangled mass of 
wires in the streets of the burned district were 
one of the striking features of the ruins and must 
have been during the fire, and in cleaning up the 
wreckage will doubtless continue to be, a serious 
nuisance. 

In view of all the pressing needs of Baltimore 
it may seem as though subways for pipes should 
hardly be mentioned at present, but this and 
many other essentials to full municipal devel- 
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opment may properly be considered now, for 
nothing so conduces to the attainment of an ideal 
condition, whether by a city or by an individual, 
as having an ideal to struggle for and measure 
one’s success by. The great trouble with our 
American cities is that they have no well-defined 
ideals and that, for the most part, their ill-de- 
fined ideals are unworthy of the twentieth cen- 
tury. If the city of Baltimore, immediately after its 
great disaster, should establish for itself a munic- 
ipal ideal, a consistent plan for future develop- 
ment, then it would have already taken a most 
important step towards fulfilling its brave pro- 
phecy that a greater city would rise from its 
ashes.* 


LETTERS TO THE EDITOR. 


The Lay-out of the Moline Shops of the Chicago, Rock 
Island & Pacific Ry. 


Sir: In connection with the new shops for the Chicago, 
Rock Island & Pacific Ry., illustrated in your issue of 
Feb. 11, it is not inappropriate to call attention to the 
fact that in August, 1902, Mr. Alfred Brotherhood and 
myself were employed by the Rock Island Company to ad- 
vise them in regard to the new shops, selecting a site, 
making a general lay-out, general tool list, general draw- 
ings of the buildings and a general specification. In Octo- 
ber, 1902, Mr. Brotherhood and myself selected as the 
site for the new shops the one actually built upon, at 
the same time submitting a general plan for these shops. 
In December, 1902, the remainder of the work was com- 
pleted and a drawing showing a general lay-out of shops, 
yards, etc., was submitted. Respectfully, 

Geo. Hill. 

100 Broadway, New York, Feb. 13, 1904. 


Schools of Railway Engineering. 


Sir: In your issue of Feb. 11th you printed an article 
in your editorial column relating to Railway Engineering 
Schools. 

I wish to state that the school to be established at 
McGill University and the school already in operation at 
Cornell University differ radically. 

The school at Cornell is a mechanical engineering school, 
and deals directly with the motive power department, in- 
cluding shops, rolling stock, and equipment. When this 
school was established it was decided that the civil en- 
gineering college was adequately equipped to give in- 
struction in the department of maintenance of way, bridge 
building, and in fact all branches of engineering which lie 
directly in the province of the civil engineer. 

The school was named the school of railway mechanical 
engineering, for this reason, This school has already solved 
the problem as you suggest it should be solved in the 
last paragraph of your article. 

The course which practically begins in the senior year, 
consists essentially of a study of existing shops and 
shop methods, and open discussion of good and bad feat- 
ures, locomotive design, car construction, the air-brake, 
the existing link motion and limitations, the slide valve, 
and, in fact, each detail of the locomotive, good and bad 
features being dwelt on. . 

Each student intending to take the course is urged to 
work at least one summer in an erecting or repair shop, 
and another summer in the drafting room. A post-gradu- 
ate course is offered to students continuing on the same 
lines and dealing more thoroughly with thé subject in 
hand. Yours truly, 

x H. Albert Rogers. 
4811 Regent St., Philadelphia, Pa., Feb. 15, 1904. 


A Notable Fire Test of Different Systems ot Fireproof 
Construction. 


Sir: The problem of fireproof construction is one which 
concerns the interests of the engineering world in a 
large measure and to-day it is brought into the fore- 
ground with great emphasis by the conflagration in Balti- 
more, where, according to the newspaper accounts, sky- 


scrapers were destroyed by the flames like grass in a 


prairie fire. Under these circumstances it will surely be 
of great interest to the architectural and engineering world 
to know that a fire test will be conducted under the 
auspices of the University of Cincinnati to determine the 
relative value of ferro-concrete and fireproof steel-frame 
construction in the erection of large buildings. 

The test will be made on two buildings, one of ferro- 
concrete, to be erected by ferro-concrete contractors, and 
another of fireproof steel-frame construction, to be erected 
by contractors using this method of construction. The 


*The generai aspects of the need for municipal pro- 
grams were set forth in somewhat more detail in an 
editorial published in our issue of July 17, 1902, entitled 
“A Municipal Program Essential to Symmetrical and 
Continuous City Development.” 


fireproof steel and the ferro-concrete interests are each 
represented by a distinct committee. Each committee will 
make recommendations as to size, details and require- 
ments of buildings to be tested. 

The advisory committee, consisting of Architect Harry 
Hake, Chairman; Architect Harvey Hannaford, City 
Building Inspector; Charles Tooker, a representative of 
the National Board of Underwriters, and Professor C. W. 
Marx, of the University of Cincinnati, as expert engi- 
neer, will pass upon these various details, etc., and pre- 
scribe the size, requirements and details which each inter- 
est must comply with in the erection. 

Cincinnati is the very center of the ferro-concrete inter- 
ests and it is the intention to make this test as exhaustive 
and conclusive as possible to determine the relative fire- 
resisting properties of both constructions. 

In order to have the test as impartial as possible the 
above committee was elected by the organization, and it 
was deemed best to have the university take charge of 
same. As a member of said committee I will be pleased 
to receive suggestions by letter from all persons inter- 
ested in this effort to determine the relative values of 
these different types of fireproofing as to their resistance 
to fire and water. Very truly yours, 

Cc. W. Marx. 

University of Cincinnati, Cincinnati, O., Feb. 11, 1904. 


The Object and Needs of the American Society of 
Civil Engineers. 


Sir: I take it that those who seek membership in the 
American Society of Civil Engineers do so for two prin- 
cipal reasons. One is to increase their professional 
knowledge by personal intercourse with other members, 
and through the papers and discussions presented at 
meetings. Obviously the greater and wider the facilities 
offered for this, the better. While engineering is constant- 
ly becoming more and more specialized, yet more and 
more the specialist finds it necessary to familiarize him- 
self with other branches which interlace with his own 
particular work. Not to the same extent that specialists - 
in these branches require, but just in that general -way 
best brought about by closer association with others Ci- 
rectly connected with those branches. No one can doubt 
that as far as this object goes, it would be greatly ad- 
vanced by having the headquarters of the mecHanical, 
electrical and mining specialists brought within easy 
reach of our own headquarters, in a common building, 
where interesting papers were read and discussed, and 
conversation could be had upon these specialties. In other 
words, these increased facilities would tend to increase 
and not to decrease our range of professional inform- 
ation, and our juxtaposition to the other societies would, 
in so far, be beneficial and not detrimental. In this re- 
spect nothing could be lost and much might be gained by 
co-operation. 

The other reason is, the professional standing which 
membership in our society gives. Different technical 
schools confer, under varying conditions, the degree of 
“C. E.”’ on their graduates, but it is universally recog- 
nized at home and abroad that the only valid title to this 
distinction is the authority to write ‘‘M. Am. Soc. C. E.” 
after one's name. Now the distinction which this title 
conveys depends entirely upon the qualifications exacted 
before conferring it, and the professional and moral 
standing of the officers of the society who adjudicate these 
qualifications, and upon nothing else. The locality of the 
seat of the society, whether in 57th or 39th St., whether 
in self-contained or semi-detached premises, has nothing 
to do with it. If we select men of high professional and 
moral standing for our officers, and maintain a high 
standard of qualification for membership, there is no fear 
that the dignity and distinction of our title can be sul- 
lied by moving from our own little house to the monu- 
mental quarters offered us. The danger to be avoided 
comes from within and not from without. No one can 
lower our standing but ourselves. I refrain from dwell- 
ing longer upon this topic. 

As to the adequacy of our present house, it is asserted 
that it is abundant for all purposes except on one day of 
the year, that of the annual meeting. But that is pre- 
cisely the one day of the year when the building, with 
its auditorium, reception rooms, banqueting hall, etc., 
come into full play; the very day, par excellence, when it 
is essential that they should be adequate. It is the only 
day when a large proportion of members ever see the 
home of the society at all, and yet we are told that on 
that one supreme day we can easily ‘‘hire a hall’ and go 
from one locality to another for our proceedings, putting 
the. society on wheels, as it were, without any incon- 
venience. This is, clean cut, the argument of the member 
resident in the city of New York who very often does not 
attend annual meetings at all. 

We want greater opportunities for broadening our field, 
and we need more room for the one day of the year when. 
members from all over the country gather the thickest. 
Mr. Carnegie’s splendid offer meets both needs. More- 
over, it comes in the nick of time. What course of ac- 


tion in regard to it is the sanest and most logical? 
E. Sherman Gould, M. Am. Soc. C. B. 
Yonkers, N. Y., Feb. 12. 


The Union Engineering Building. 
Sir: My attention has been called to ay 


statement, or omission, in my communicatio., ae 
the proposed Union Engineering Building, in me Ag 
Engineering News, without which my mean}: bser : 
and the statement, in one item, might prove eg 
It was stated that the American Society of En i 
neers would, if it invested in one-fourth tho to i 
issued by the executive corporation, be entit!.. teres 
on them at 4%. It was intended to say, when sin 3 
the probable expense of the society, that it w an - 
assessed by the corporation for its share of Pst 
upon the bonds, and the credit and charge ‘<0 
cancel each other. Each of the other societi, ula 
in the same position if each held its share o¢ wai 
but each would be assessed for its share of | aan 
whether it held bonds or not; that is, if some 0: cha 
of the bonds were held by outside persons. a 
society should default in paying its share of | ol me 
remaining societies would have to make up the d.5 it fe 
as in the case of default in paying operatin. spenee 
The possibility of such an occurrence cannot Leniad 
though its probability is very remote. It is, bo or on, 
of the contingencies that must be considered. vee 
Ss. 
95 Liberty St., New York City, Feb. 13, 1904 a 
Sir: I am unalterably opposed to seeing the «-..’, of the 
American Society of Civil Engineers dangling ‘at Mr 
Carnegie’s charity belt, and I hope a Majority of the 
‘aembers share the feeling. He offers us a onc-* Irth in- 


terest in a house on conditions; we now own a whole 
house with no conditions attached, which we arc expected 
to sell in order to acquire the aforesaid one-fourth inter- 
est. The Society has achieved a position and accumulated 
property through the splendid efforts of its successive 
Boards of Direction; a strengthening of this position and 
the further accumulation of property, with title resting 
in the Society, may be safely left in the same honis. 

If a merger be considered wise, let the Board of Direc- 
tion take the initiative, not an outsider. From a ‘ Carne- 
gie suitable Union Building” to the “Carnegie Society ot 
Un-American Engineers’’ is but a short step. 

I have the utmost sympathy for anyone afflicted with 
alcoholism, money or other serious disease, who is hon- 
estly striving to abate the spasms, but I do not believe 
the American Society of Civil Engineers can safely aid 
Mr. Carnegie in separating himself from a million or so. 
We are indebted to him for a very good article of steel, 
which we use; he publishes a little book, which we also 
use on occasion—let us not then, even at his urgent re- 
quest, increase our obligations. A gentleman cannot ac- 
cept tips; a society of gentlemen cannot collectively ac- 
cept tips. We are engineers, not waiters. Yours truly, 

Edwin H. Warner, M. Am. Soc. E. 

National Bank of Commerce Bldg., Tacoma, Wash, 

Feb. 4, 1904. 


Sir: I hope that my brother-members will not take 
amiss this appeal for careful consideration of the ‘‘State- 
ment of the Board of Direction in the matter of the Pro- 
posed Union Engineering Building’’ before casting their 
ballots. 

As at first presented, the proposition did not commend 
itself to the judgment of many of us, possibly because of 
the inadequate manner in which it was brought to our 
attention. But since the Board of Direction was author- 
ized to prepare a statement to accompany the resolution 
for a letter ballot, the suggestion of Mr. Carnegie has 
taken an ampler and a more definite form. It is now vir- 
tually a project for the establishment of a university in 
which the application of science and of the useful arts 
to the uses of civilization by the engineering professions 
may be worthily demonstrated. If carried through suc- 
cessfully, it will not only be a monument to the liberality 
and the foresight of the man who has made it possible, 
but also to the spirit of enterprise which has elevated this 
country to the first rank of nations. 

We cannot hope to vie with the great nations of Europe 
in picture galleries and museums whose claims to our ad- 
miration rest upon deeds of the past, but we may justly be 
proud of what American engineers have done in controlling 
the forces of Nature for the future welfare of mankind. 
Their masterpieces cannot be contained within four walls. 
They are spread over the whole earth. But the records of 
their glory can be housed within a single building, on the 
scale that is here proposed. Under the same roof that 
shelters them may be collected and systematized the grow- 
ing mass of information on engineering subjects » iblished 
in many languages and places, which would be o‘lerwise 
unavailable to the members of any one of the <ocieties. 
It would also be, in a certain sense, a profession! arena 
in which the latest ideas in the several branches of e2- 
gineering would be discussed and where the whe: would 
be winnowed from the chaff by men recognized «. leaders 
in their specialties. 

Let us keep one fact clearly in mind: that this 5 not a 
question of amalgamating the American Society ot Civil 

Engineers with other 4ngineering societies, but ©! closet 
association for their mutual welfare. Our society is what 
its members have made it and so it will conti:'°. We 
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tear as to its prosperity or as to the esti- 


pave nothin’ eld, either at home or abroad, from 
mation ote ‘> the other societies. 
proping’ that this project offers for securing the 
ager bh the least expenditure of time and labor 
best result «lightly set aside. Think of its value to 
ought not mbers of the engineering professions in 
the your's think, too, of the impression which such 
make upon foreign visitors- To them it 
a structur® “''ptting symbol of the place which these 
would see": in the estimation of the American people. 
profession advantages be underestimated that are to 
Nor the proximity of the Engineers’ Club. 
be derive cs for social amenities between members 
by i branches of the profession must work to- 
fliation among those who by separate ave- 
appro’ common goal. 
he argu ots for and against the proposition are so 
be state? >y the Board of Direction that nothing more 
+, -sable us to vote intelligently upon it; noth- 
sa t 'o opproach it with an open mind. Those of 
ing ~ sap +). course of years have passed beyond the ac- 
“ tice of our profession, and who have gained about 
= og ~tght expect to derive from such a project, 
what {t offers to our younger brethren 
: 4. in casting our ballots, should keep their interests 
pe ‘most {n cvr minds. Nor should we forget that narrow 
prs a important questions rarely prove to be correct. 
If in your opinion this project be a worthy one, do not 


fail to do all in your power to make it a success; for, ff 
this opportunity be lost, another like it may never occur 
again. Very truly yours, 
H. 9. Haines, M. Am. Soe. C. E. 
New York, Feb. 10. 1904. 


> 


gir: The decision to be arrived at at an early date 
concerning the acceptance of Mr. Andrew Carnegie’s gen- 
erous offer to give a spacious building in New York City 
for the joint occupation, first, of the four main Engineer- 
ing Societies, and, second, of such other allied scientific 
organizations as may need and can be furnished with ac- 
commodation, marks a period of vital importance to the 
engineering profession in this country. That decision will 
unquestionably be far wider-reaching in its effect than 
was supposed when the subject was first broached. It 
then and now, so far as the actual transaction on its face 
js concerned, meant and means only a joint ownership in 
and occupation of a conveniently arranged building, re- 
quiring no closer union of the different societies making up 
the holding corporation, than required as stockholders in 
a corporation. The arguments for and against such joint 
occupation of a building are simply those of details of 
ownership and management, which can surely be satis- 
factorily arranged on a suitable business basis. 

The acceptance or declination of Mr. Carnegie’s proposi- 
tion by sny one of the individual societies to.be named in 
the deed of gift is to a great extent also purely a bus!- 
ness consideration; simply whether the additional con- 
venience to be secured in occupying the proposed building 
and securing such a large addition to its capital is or 
is not worth some slight sacrifice of identity. But there 
is a much more important question raiced: that is, is not 
the time fast approaching when it will be desirable to 
abandon much of the narrow conservatism of the past, 
and taking joint occupation of the proposed building as 
the start, look to the ultimate amalgamation of the dif- 
ferent societies and the organization of one great Ameri- 
can Engineering Institution. Such a society may well 
have sections composed of those members particularly in- 
terested in special lines of engineering work, and branch 
headquarters in many places, but one central executive 
government. 

Though to-day it is more the custom for ‘‘civil engi- 
neers” to be called into consultation on the broadest 
questions of corporate management and great construc- 
tive works, while engineers having more specialized train- 
ing are not called in untfl questions of detail are to be 
considered—it is not improbable that in years to come 
the training of all eneineers may ‘be such as to primarily 
fit them for the breadth of duties and secondarily for the 
special fields. 

Opposition to such union is largely on the score that 
rome men are admitted to membership in some of the 
societies who are practically not engineers in the broad 
sense of the term. Unquestionably this is true, but ad- 
mission to the great Institution can be set at a high 
stardard, so that new members will be men of proper 
attainments, and in course of years those of low grade 
now on the rolls of individual organizations would either 
become worthy, by reason of continued experience, or 
drop out because out of keeping with their surroundings, 
orin course of time will surely drop out by death. 

The medical profession many years ago was face to 
face with a proposed wide differentiation of practice, with 
the probable establishment of many different organiza- 
tions; but fortunately wise heads controlled, and there is 
to-day but one medical profession, though with probably 
‘much wider line of specialists than there is ever likely 
‘o be among engineers. There are probably some who be- 
lieve that there is room tm this country for a number of 
strong, separate engineering societies. About forty years 


ago there were many people who thought there was room 
in this country for many different governments. 

The whole trend of progress during the last half century 
has been towards centralization and consolidation; and 
when honestly carried out, the general wisdom of such a 
course has been proven. 

According to the amended present scheme, it would 
seem that the decision of the American Society of Civil 
Engineers (unless Mr. Carnegie should again modify his 
proposal) will determine the fate of the joint engineering 
building. Therefore, there is a moral obligation on the 
part of that Society if the joint building promises to be 
specially beneficial to the other societies, of aiding them to 
secure such benefit, if it would not result in seriously 
handicapping its own work. There would seem to be only 
one possible handicap in such a course, and that is the 
slight loss of prestige, perhaps, in not being able to point 
to ‘its own separate building on a fine wide street in a 
central location, and to come in contact with some men 
not properly fitted for membership in such a society. 

I hope personally that the American Society of Civil 
Engineers will waive petty matters and some of its con- 
servatism, and will decide to join in the present plan, 
provided the details can be arranged on an equitable, 
sound business basis; and that the building be located 
where it shall be deemed most desirable, even if on an- 
other site than the one at present selected, and further, 
that the American Society of Civil Engineers shall lead 
the way in the organization of one great American In- 
stitution of Engineers. Yours truly. 

Louis L. Tribus, M. Am. Soc. C. EB. 

New York, N. Y., Feb. 9, 1904. 
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The Work of American Chentists in the Investigation of 
Portiand Cements. 


Sir: I am very much astonished to read in an article, 
entitled “Opportunities for Chemical Engineers in the 
Ceramic Industries,” reprinted in your journal for Jan. 
14th, from a bulletin of the University of Wisconsin, cer- 
tain statements by Edward Orton, Jr., in regard to the 
Portland cement industry in the United States which are 
quite erroneous. They are the more remarkable as com- 
ing from a source which would naturally be supposed to 
be more conversant with the subject than appears to be 
the case. 

Mr. Orton states that ‘‘a good cement should not vary 
more than one-half of 1% in alumina, 1% in silica and 1% 
in lime.’’ This admits of two interpretations. He either 
intended to state that good Portland cement, in general, 
should not vary beyond the limits given, or that a cement 


produced from any mixture of the same raw materials,’ 


should not exceed these limits. The first proposition is, 
of course, absurd, especially in regard to alumina. The 
second proposition is incorrect as the lime may vary 
quite widely according to the temperature attained in 
burning the clinker. With the same raw materials, as 
in the Lehigh Valley, larger differences in silica and lime 
in the finished cement are found depending upon whether 
the clinker is burned at a high or low temperature or 
quickly or slowly; at one plant a high temperature being 
found most satisfactory or economical, and at another a 
much lower one according to the local practice. The 
lime must, of course, be kept at a lower percentage with 
the lower heat. The degree of fineness to which the raw 
material has been ground also has a marked influence on 
the amount of lime which can be successfully used, the 
finer the raw material, the higher is the percentage which 
can be maintained and still produce a cement of constant 
volume. 

If Mr. Orton intended to convey the meaning, which is 
not apparent, that at any one plant with any fixed method 
of burning the silica, alumina and lime should not vary 
beyond the limits given, he hardly makes them narrow 
enough. 

Mr. Orton next asks the question: ‘‘What is Portland 
Cement?” and replies: ‘‘Accurately speaking we do not 
know what it is,’’ and adds, “‘we have produced scarcely a 
single investigator who has contributed anything note- 
worthy to the knowledge of cements,” and “it is a sig- 
nificant fact that scarcely a single contribution of im- 
portance to our higher knowledge of cement has yet come 
from America.”” I must interpose a most emphatic denial 
to all these propositions. 

What Portland cement is has been recently very con- 
clusively settled to any one having a knowledge of physi- 
cal chemistry and the theory of solutions, and this has 
been done on this side of the water and not abroad. The 
work having appeared only in German has evidently es- 
caped Mr. Orton’s notice. 

Of previous investigations in the United States, it may 
be said that in October, 1897, the Messrs. Newberry pre- 
sented before the New York Section of the Society of 
Chemical Industry, a paper on ‘“‘The Constitution of Port- 
land Cement,” of which London ‘‘Engineering,”’ in its 
issue of Dec. 24, 1897, spoke as follows: 


No piece of work on the chemistry of cement comparable 
with this by 


the Messrs: Newberry has appeared within 


the last ten years, and we congratulate the authors on the 
sound method, well directed fndustry, and clear reasoning 
which are its characteristics. 


How this paptr has been regarded by Continental inves- 
tigators appears in a review of the literature of the subject 
of the constitution of Portland cement by the writer which 
is now appearing in ‘‘Cement.” It is true that it has 
been criticised and that theories of a different nature have 
been deduced from the facts advanced; but no one since 
the time of Le Chatelier, 1887, has contributed so many 
novel data based upon the actual preparation of synthethic 
products as the Newberrys have done. Their conclusions 
were that ‘‘the essential constituents of Portland cement 
are tricalcium silicate with varying proportions of dical- 
cium aluminate,’’ and this simple conclusion stands con- 
firmed to-day, with some slight modifications and with 
some further development and elucidation, by elaborate 
investigations carried out in the last three years by the 
writer on similar lines, except that the introduction of the 
microscope and petrographic methods has made it possi- 
ble to explain the physical constitution of clinker more 
fully. 

In a paper,* presented before the Northeastern Section 
of the American Chemical Society in Boston In January, 
1903, I showed that when silica, alumina and lime, in pro- 
portions which would correspond to those in a Portland 
cement, and in which the iron was replaced by a molecular 
equivalent of alumina and the other bases by lime, were 
heated to a high temperature, 1,650° C., a product was 
obtained possessing, as was shown by the Newberrys, all 
the attributes of Portland cement, and which in thin sec- 
tions under the microscope showed no evidence of the 
presence of aluminates, but was a homogeneous material 
which plainly consisted of a solution of the aluminate, 
15%, in 85% of the tricalcic silicate. The conception of a 
solid solution, which we owe to the distinguished Dutch 
chemist, Van't Hoff, enables us to explain in this way at 
once the constitution and structure of Portland cement. 

Objections have been raised to Newberrys’ theory that 
dicalcie aluminate and tricalcic silicate were the con- 
stituents of Portland cement, because insufficient lime is 
present in any individual clinker to satisfy the amount re- 
quired by these two compounds, but it has been shown by 
me that the aluminate 2 Al,0; 3 CaO and the monocalcic 
aluminate Al,O,; CaO are equally soluble in tricalcic sili- 
cate, and may be substituted for the dicalcic form. If 
the amount of lime is still further reduced, dicalcic sili- 
cate forms and the cement is unstable. 

The iron and the remaining bases add nothing to the 
hydraulic properties of the clinker, and may be very va- 
riable in amount. They merely form a flux or magma of 
low melting point out of which the tricalcic silicate with 
the aluminate in solution crystalizes and which can vary 
in basicity without essentially altering the character of 
the cement. 

This subject can hardly be gone into in this place at 
greater length and its thorough exposition wil! appear 
later in “Cement.” It is sufficient to say that while it 
had been previously suggested that Portland cement con- 
sists of a solid solution the proof of this has been first 
advanced in America. American chemists are, therefore, 
not only doing their share in making contributions to a 
higher knowledge of cement, but are well in advance of 
the times. 

That there are no journals devoting themselves to the 
literature of the constitution of Portland cement is hardly 
true. 

“Cemént and Engineering News,” of Chicago, reprinted 
in its pages the Newberrys’ paper, which has been referred 
to, at the time of its appearance, and also issued it in 
separate form, The same journal has recently published 
a further communication of great interest on the same 
subject by S. B. Newberry, while “Cement” is now pub- 
lishing an article of purely scientific aspect on the ‘‘Con- 
stitution of Portland Cement.’’ The “Journal of the 
American Chemical Society’’ has also published two papers 
by Campbell of the University of Michigan; the second 
of which is of interest as showing the effect of fine grind- 
ing of the raw materials. It would seem, therefore, that 
a mechanical engineer like Mr. Orton should have made 
himself better acquainted with the literature of the chem- 
istry of cement before making the assertion that he has 
put forward. 

I should be very glad to show Mr. Orton, or others in- 
terested in the subject, thin sections of the synthetic 
Portland cement which has been made in my laboratory 
which I am sure will convince him that American chemists 
are not at all behind the times in a higher knowledge of 
the constitution of cement. 

Mr. Orton’s assertion that the recourse must be had to 
Germany for a reliable Portland cement hardly needs con- 
sideration in an engineering journal as engineers are well 
convinced by this time of the absurdity of any such claim. 

With great regret that the paper of Mr. Orton had not 
been brought to the attention of cement chemists and 
manufacturers before it appeared in your pages, I am, 

Yours truly, Clifford Richardson. 

West Ave. and 6th St., Long Island City, N. Y., Jan. 

18, 1904. 


*Abstract ‘‘Thonindustrie Zeitung, 1903, No. 58,942, May 
16, Portland-Zement als feste Lésung.’ 
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American Portland Cement and American Contributions 
“ to its Chemistry. 


Sir: In your valuable journal, under date of Jan. 14, 
1904, under the head of ‘“‘Opportunities for the Chemical 
Engineer in the Ceramic Industry’ (extracts from a paper 
published in the “Bulletin of the University of Wiscon- 
sin,’ No. 83), by Edward Orton, Jr., E. M., I find certain 
remarkable statements as to the Portland cement industry 
in this country. 

As one of the pioneers in this business, having devoted 
nearly a life-time to the introduction and manufacture 
of Afmerican Portland cement; to the study of the various 
properties of the materials entering into the manufacture 
of, and the many new uses for the same, I feel like ex- 
claiming, like that good old poet Burns, “O wad some 
Power the giftie gle us, to see oursels as ithers see us!” 

While giving the American cement industry proper credit 
for its wonderful manufacturing genius, for the marvelous 
output and economy of the mills, Professor Orton takes 
up the work of the American cement chemist and the 
technical management of the American cement mills, and 
criticises both severely. Certainly the first thing in chem- 
istry is accuracy, and certainly the first test of an article 
such as is written, criticising the industry in 1ts*fechnical 
management, as Professor Orton has done, involves ab- 
solute accuracy on his part in any statement of views. 
Tested by this measure, it is only necessary to state that 
he sums up the American output as follows: ’ 

We produce six or eight millions of barrels a year, but 
we have produced scarcely a single investigator who has 
contributed anything noteworthy to the knowledge of ce- 
ments. 

The Geological Survey of the United States, in its annual 
report for 1902, gives the outptt of Portland cement for 
the year 1901 as 12,711,000 barrets, and for 1902 as 17,- 
730,000 barrels, and ftte year 1908, which has just closed, 
will certainly sHOW ‘very nearly 20,000,000 barrels. Were 
these figures the only ones in existence they might be the 
subject of doubt, but the ‘‘Mineral Industry of the United 
States,"’ published by the “Engineering and Mining Jour- 
nal,” an equally official publication, gives the same fig- 
ures for the year 1901, and for 1902 gives 16,535,000 bar- 
rels, as a result of its own independent investigation. It 
may be well asked by Professor Orton, in view of figures 
such as these, ‘‘what, then, are we to conclude fre~ this 
hasty view of the American Portland cement industry?” 
If technical accuracy, such as is recommended; synthetic 
chemical processes, such as are suggested; scientific crit- 
icism, such as is stated to be essential, produce such in- 
accuracies as above mentioned, possibly in an industry 
where the difference of one-half per cent. in lime may 
mean success or failure, this sort of knowledge might best 
be excluded. 

Viewing the subject, however,as it is viewed by Professor 
Orton, can it be for a moment admitted that the American 
Portland cement industry is one single step behind the 
cement industry of the world? To this there seems to be 
but a single answer, Most unquestionably, No! In me- 
chanical equipment, in scientific attainment, in unlimited 
production, the American Portland cement industry is 
second to none in the world. To the writer’s own know- 
ledge it is considered the proper place for cement experts 
of the world to come for their post-graduate course. In a 
single month, at Allentown, Pa., there were registered ex- 
perts from Spain, from Cuba, from Germany, from China 
and from Japan. All of them were attracted by the won- 
derful development of this great industry in its native 
home in this country of ours. 

As a writer upon cement topics, and in that respect in 
thorough touch with the literature of the world; as a 
manufacturer of cement, and in that respect familiar with 
all its details, both chemical, mechanical and practical; 
as an importer and shipper of cement, and in this respect 
familiar with the markets of the world and the character 
of the various cements of the world, I want to most un- 
qualifiedly deny the following statement by Professor 
Orton: 

The American cement industry needs two things at pres- 
ent before it can expect to win the choice trade of the 
world. We may undersell Germany, if quality is not ab- 
solutely imperative. But where reliability is the first es- 
sential the Germans have us on the hip. 

These words cannot be used towards the American Port- 
land cement industry without awakening a universal re- 
sponse and denial. 

In the markets of the world, Japan, Cuba, South Africa, 
England and in this country, wherever American cement 
has met the foreign cement, it has proved more than its 
ejual in all of the qualities that go to make up the sum 
total of the value of a good building material, and this 
fact is not denied by those on the other side, who with 
broad minds have viewed the development of the Ameri- 
can Portland cement industry and the quality of its output. 

Certainly the great cement plants of this country, with 
théir Wonderful mechanical equipment for handling the 
raw material, grinding and burning it, and ultimately 
producing the finished product, are unsurpassed iIn* me 
chafical point of view by any in the world, and their 
chemical laboratories; testing-rooms and other appliances 
of a scientific character are, so far as the works in the 
East are concerned, and to my knowledge in many of thé 
works in the West, fully equa] to any of those I have seen 


in my visits to cement works in Europe, in point of equip- 
ment, character of apparatus and in the intelligence and 
ability of their technical managers. 

It is impossible to believe that the millions of dollars 
that have poured into this industry, and the millions cf 
dollars this country has paid for the use of American 
Portland cement in works involving hundreds and thou- 
sands of millions of dollars, that this confidence would 
have been reposed in an article so unworthy of scientific 
belief and scientific confidence, as it is claimed to be in 
Professor Orton’s article. 

So much for the production of the material and the en- 
gineering and scientific confidence accorded to it. 

As to the lack of American literature on the scientific 
side of Portland cement making, it is only necessary to 
say that to any one who is in the current of American or 
foreign literature, and who “reads as he runs”’ the litera- 
ture of this country on both the mechanical and scientific 
side of cement making, is the equal of any of the literature 
of the world. 

Certainly, from the chemical side, the papers of New- 
berry, Richardson and Campbell are quoted in all the 
journals, English, French and’German. The ‘papers of 
Eckel on “Slag Cement,” ‘‘Classification of the Crystalihe 
Cements,” ‘Portland Cement Manufacture,” are 
known wherever cement is spoken of. “Méadé’s paper on 
the “Chemical Analysis of Portland Cement, Its Posst- 
bilities and Limitations,” Green’s paper on the ‘“‘Manu- 
facture of Cement,” and Whitfield and Lewis’ writings, are 
also well known. 

Lathbury’s article on “The Rotary Kiln in Portland Ce- 
ment ~ Manufacture,” Spackman on the ‘Production of 
Marl Cement,”’ Green's *‘Portland Cement Industry of the 
World,” Hillebrand’s paper on the “Work of the 
Sub-Committee of the Soriéty”~ of Chemical Industry 
on the Analysis of Materials for the Portland 
Cement Industry,”’ -Maclay’s paper on ‘Hot Tests 
for Determining the Change of Volume in Portland 
Cement,’’ Lundteigen’s paper on the same subject, New- 
berry on ‘Fuel Consumption in Cement Burning,” etc., 
etc., may also be mentioned. These are but a few that 
come quickly to hand from the large collection of articles, 
clippings and books which are in the writer’s possession. 

In conclusion, as to the deficiency of our literature 
claimed by Professor Orton, the writer can only say that 
in addition to the above articles he has been for the past 
few years indexing and filing everything on the subject of 
cement, and in that short period has gathered almost 
1,000 long, complete and full scientific articles of Ameri- 
can authority, exclusive of short newspaper clippings. 

For a deficient trade and scientific literature, this seems 
to be doing pretty well, though possibly it covers some 
matters outside of the immediate field of that interesting 
chemical subject known as ‘“‘silicates.’’ 

From the few statements above gathered, it can readily 
be seen how the American cement manufacturers, chemists 
and experts must either have fooled themselves, or have 
been successful in fooling the world at large. It is just 
such writings as the one that is criticised here, that brings 
the men who have spent the heat and the labor of the day, 
to the fore, and to a realization of the importance, serious- 
ness and value of their work. Side-lights such as Pro- 
fessor Orton throws upon our industry, certainly are bene- 
ficial in bringing us to a realization of what we have 
achieved and what we are really doing, and to the world- 
wide importance of our work. 

Robert W. Lesley, Associate Am. Soc. C. E. 

22 S. Fifteenth St., Philadelphia, Pa., Jan. 27, 1904. 
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Concerning the Failures of Reinforced Concrete. 


Sir: It seems to the writer that the position of Mr. Julius 
Kahn, in your issue of Jan, 21, on the necessity of some 
form of diagonal tie in steel concrete beams, and also on 
the advisability of using shapes of steel that do not rely 
solely on the adhesion of the concrete, is well taken. It 
would seem that both these advantages could be combined 
with that of flexibility of design and construction, by 
using stirrups in. connection with some of the deformed 
rods now on the market. The stirrups to be made of 
either plain or deformed rods, bent U-shape to fit snugly 
the small part of the deformed rod and applied so as to 
bear against the enlarged part of the rod and extend out 
at an angle of 45° therewith. 

The writer offers this suggestion, hoping it may prove a 
useful contribution to the rapidly increasing number of 
designs for re-enforced concrete. Yours truly, 

R. M. Walker. 


Atlanta, Ga, Jan. 26, 1904. 
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Sir: Mr. Kahn’s paper in your issue of Jan. 21 touches 
on several features of interest to an engineer in the con- 
tracting field. I would like to hear from him further re- 
garding the beam illustrated. If we assume the concrete 
to be a 1-3-6 mixture aged six months, then by Mr. 
Kimball's tests, as quoted by Mr. Thacher in his writ- 
ings, this concrete would have an ultimate crushing 
strength of about 3,100 Ibs. per sq. in., and a modulus 
of elasticity of 1,860,000. For such ¢oncrete Mr. Thacher 
has shown that 1 sq. in. of steel for the beam given 
would be gufficient, as against 1.69 sq. ins. specified by 


Mr. Kahn, and that then the Maximum 
be about 90,000 ft. Ibs., corresponding ; 
distributed ultimate load of 72,000 Ibs. a 
end shear of 36,000 Ibs or 300 Ibs. per “a 
for the above grade of concrete, Mr. Ka} 
sufficient to fequire a crushing strength 
3,900 Ibs. fer sq. in. 

If 300 lbs. per sq. in. is thought to : 


uitimate shearing strength, or if the safe | me 
ibs. or less, then a modification of the sect Ps be 80 
making it shallower and thicker would deam 
Yours truly, 
Canton, Ohio, Jan. 23, 1904, 7 asics 
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Sir: Referring to the article on “Failure ’ 
Concrete,”’ by Mr. Julius Kahn, in your is: oe 
1904, the failures or cracks in the beams » h 
says are due to shear on the concrete, or | 
reinforcement, are characteristic cracks com» f 
such beams when the span is short as com; 


depth, In long and shallow beams they ar usual 

found. When such cracks are formed near 
the beams they are invariably followed by aia pe 
‘tnforcement pulling out at the ends. This b 
true in spite of all care that may be tak: wAhisas 
bond between the metal and the concrete, 


bringing any apparent strain on the metal. 
prepared to show that such cracks are due to 
the ‘metal in the concrete, and are not due + . 
The term shear is frequently misapplied by writers, ang 
should be rigidly confined to a sliding betwee) tas. dae 
tiguous surfaces. 
In making some tests on reinforced con :ote beams 
about a year ago, in which the characteristi, cracks ap- 
peared, accompanied by a pulling out of the metal a the 
ends, it was suggested that if the bars could in some way 
be anchored at the ends they would not pul! out. Th. 
seemed ratjonal, for if the bars could not slip at the ends 
they would. certainly not, start to slip anywhere else 
The subsequent, tests made on such beams proved the 


reasoning. to be correct, inasmuch as the characteristic 
cracks disappeared and failure invariably occurred in the 
tension flange, where it should occur. 

In order to accomplish the desired result, al! that was 


necessary was to introduce a transverse rod at each end 
of the beam and hook the longitudinal rods over these 
All this was done with plain material bent cold in the 
field. 

This method of reinforcing has been in use in this of. 
fice ever since, ‘and has been successfully employed in 
building concrete girders for flat-top culverts in spans up 
to 20 ft. It has also been used in designing a retaining 
wall 26 ft. high. In fact, it is used in all cases where no 
dependence can be placed upon the adhesion of the mortar 
to the metal. Yours truly, 

J. W. Schaub, M. Am. Soc. C. E., 
Consulting Engineer 
1650 Monadnock Block, Chicago, Il. 


Sir> While Mr. Kahn in his article of Jan. 21 has taken 
great pains to explain from the theoretical side of the sub- 
ject some of the causes of recent failures of reinforced con- 
crete, he has left the practical side of the question un- 
touched. I agree with Mr. Kahn relative to the causes 
he ascribes to the failure, but there are some causes from 
the practical side to be considered. 

First, lack of judgment in the man in charge of the 
work in permitting it to be done in freezing weather; sec- 
ond, bed material and mixing; third, lack of thought in 
drawing up the specifications. 

In giving my opinion, I want to state that I am not an 
engineer, but I have worked on a number of the large 
buildings where reinforced concrete was used, which have 
been erected in New York, within the past six years. Any 
person can prove to his own satisfaction the result of 
frost penetrating concrete by taking a piece of the same 
and submerging it in water and seeing how long it takes 
to crumble. 

On two of the buildings the segmental arch was used, 
with the ordinary wire cloth center, which had steel rods 
\%-in. in diameter running transversely 8 ins. apart and 
%-in. bars horizontally. . The arches were constructed in 
a temperature of about 26° F., and the material was 
mixed very wet, with the result that a large percentag® 
of the cement was wasted by the leakage of the water 
through the arch,and the concrete was frozen before it had 
time to set. The consequence was that the concrete ¢i- 
panded; the frost destroyed the bond of the cement, and 
when a thaw came, the concrete contracted, and the cem- 
ent having lost its strength, the mass was nothing more 
than a pile of cinders. * 

On another building, a flat arch was used which was re 
inforced with two steel bars running horizontally with 
cross bars 16 ins, to 18 ins. apart. The arch was com 
structed in a temperature below 26° F., and the centers 
were left in for more than a week. When they were re 
moved, sections of the concrete fell ‘through theat part ot 
the floor which was constructed during the freezité 
weather. 

On another building, small broken stone was used 0 
place of cinders; the arches were reinforced the same # 
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a... ed: the work was done in summer, and 
those last withdrawn after three days. Some sec- 
the center also fell. ‘The reason for this was 
a ity -5 the theory advanced by Mr. Kahn, the . 
—.: insufficient to carry its weight. 
reintorcel’ th the inspectors and the foreman that 
while wet is better in walls where the leak- 
cane ll } or confined to the forms (as it saves 
age can be ‘ing and insures against destroying the 
on. ¢ of concrete immediately underneath), I 
pond of oh them in having the concrete mixed so 
reinforced arches where the water: leaks 
“— ~ e ers as through a sieve. 
ix the concrete just wet enough to keep 
ds oa pay for the extra labor of tamping, 
it from Fu" _sinst am unnecessary loss of the tensile 
pees att ement, which is the chief ingredient of 
ae cpus helping to prevent the danger of 
t t 
and engineers specify the flat arch 
pr! they koow is more liable to sag and is defective in 
yee jn preference to the segmental arch (which they 


know will shear to the I-beams, thus transmitting the 
pre horisouially to the walls and columns), is a mystery 
Yours respectfully, 
= William Martin. 
1009 East 42d St., Brooklyn, N. Y., Feb. 3, 1904. 
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Sir; The writer has read the article on “Geme of the 
Causes of Recent Failures of Reinforced Concrete’ pub- 
lished in your issue of Jan. 21, and was much struck with 
the author's generous philanthropy, which does not al- 
low him to keep to himself the knowledge of a specific 
certain to cure all our ills. 

Mr. Kahn seems to consider himself as the original dis- 
coverer of the shearing stresses in reinforced concrete 
beams, which he seems to have made about a year ago, 
more or less. The writer protests that this is hardly fair, 
when he knows of a number of prominent firms in this 
country and abroad who have been taking care of these 
stresses in their own work for the last eight years. The 
writer's company had published a catalogue in which these 
matters were discussed, and formula given for indicating 
when provision against shear was to be supplied, some 
montbs before Mr. Kahn had ‘“‘found himself.” 

Concerning some ridiculous expanded metal floor con- 
struction referred to in this article, the writer wishes 
to state that there are a large number of expanded metal 
companies throughout this country, all of whom design 
their own work, and they have nothing to do with each 
other. Some of them, of which the writer’s company is 
one, are not on good terms ‘with the others, and have no 
knowledge of what they are doing. That some of them 
have not employed competent engineers, has been shown 
in a number of cases, and the writer objects to being 
placed in the same class with them, 

With what Mr. Kahn says about the necessity of com- 
petent advice in the design and execution of steel-con- - 
crete structures, the writer fully concurs. But he does 
not follow him to the extent ef saying that Mr. Kahn, for 
the one, and his bar for the other, are essential to suc- 
cess, 

So far as Mr. Kahn’s theories are concerned, he makes 
the mistake of assuming that all steel-concrete beams fail 
by shear. It depends upon the ratio of height to length, 
and the character of the loading, just as in any-other kind 
of beam. 

He makes a further mistake in his discussion of the 
shear in the beam illustrated in his Fig. 1. The safe car- 
tying capacity of such a beam is not 25,000 Ibs. of uni- 
formly distributed load, as he states, but just one-half of 
this, 12,500 lbs. The former would be the safe earrying 
capacity for a beam of the depth shown, 12 ins. wide, buat 
his beam is only 6 ins. wide. The above values are based 
on a factor of safety of 4, and the ultimate cafrying ca- 
pacity, then, should be 50,000 Ibs. instead of 100,000 Ibs., 
as he states. He also says that, assuming a safe shearing 
stress of 50 lbs. per sq. in., the cross-sectional area being 
14) sq. ins., “that the béam would only carry a safe load ‘ 
of 6,000 Ibs. in shear,” and he makes. a comparison be- 
‘ween this and the 25,000 Ibs. safe load against bending, 
giving an apparent discrepaney of 1:4 as between the 
strength against shear and the strength against rupture 
ty bending. The 6,000 Ibs. above mentioned is not the 
safe load on the beam against shear, but the reaction at 
oné hd under, sueh safe load, the load itself being twice 
‘his, or 12,000 Ibs., and the ‘comparison should be made 
between this 12,000 Ibs. and the 12,500 Ibs., the safe load 
for the bending moment. In other words, the safe load 
that he gives against shear is only one-half: what “it ~ 
should be, and the safe lodd against bending is twice what 


+ should be, and the values, instead of showing a ratio 
°f only 1:4, are in fact practically equivalent. He says, - 
‘ater on, that he has not obtained shearing results on 
“oncrete larger than 250 Ibs. to 300 Ibs. per sq. ia., which 
teticntes that he has taken a factor of safety of 5 on i 
“hearing, aud 4 on bending. If we compare the ultimate« 
moment of resistance of sugh a beam with the ultimate _ 
“Searing strcogth ag indicated by these values, we will 
have @ maxicoum ulfimate shear at-one support of 250 x 
1) = 30.0 giving a carrying capacity of 
Ibs. the beam, as against the maximum load 


possible to develop by the moment of resistance of 50,000 
Ibs. By the above discussion, therefore, using Mr. Kahn's 
own figures and simply correcting them where they are 
manifestly in error, it is evident that the statement made 
in the last sentence of the paragraph, to the effect that 
“it is evident that a beam thus reinforced is exceedingly 
weak in shear,”’ is not warranted. Of course such a dis- 
cussion as the above has no pertinency whatever to those 
who shave: any knowledge of the maximum shearing 
stresses in reinforced concrete beams, and the fact that 
Mr. Kahn should take the trouble to develop, however 
carelessly, the shearing stresses in the vertical section, 
merely indicates that he has no real knowledge of how 
or where the maximum shearing stresses in such beams 
are developed. 

So far as his bar is concerned, if each wing were 
separated from the rectangular middle portion, the latter 
allowed to pass horizontally to the end of the beam, and 
the side rods have their ends bent up, one having the 
bends at the quarter point and the other between this and 
the end, we would have the equivalent of the Kahn bar 
for nearly all conditions in practice, wherein the maxi- 
mum load is seldom a concentrated load. In fact, the 
use of separate rods in this way, which is the common 
practice, besides being cheaper, has the advantage of per- 
mitting the separation of the parts so as to have each part 
entirely surrounded by concrete. Besides negative ad- 
vantages, his bar has certain positive disadvantages. For 
example, in the usual case of maximum load being approx- 
imately uniformly distributed, the necessity for shear- 
ing provision occurs only adjacent to the supports. For 
this case, the Kahn bar would then have a considerable 
length in the middle wherein dependence would have to be 
placed upon the adhesion, which he admits is not wise. 
To obviate this by cutting the wings and bending them up 
from end to end involves a heavy loss in metal. Further- 
more, the bar must be symmetrical around the middle 
portion, and hence must be prepared in advance for a 
particular place, and cannot be economically used in 
other places. 

In floor construction the usual practice of good com- 
panies is to let half the bars run through horizontally and 
half bend up from about the quarter point, and hook 
over the supporting girder beams. Taking a flat slab 
design, the writer's tables give for 12-ft. span, using cin- 
der concrete, a 6-in. slab, with 0.3-sq. in. of metal per 
foot of width, as capable of carrying 615 Ibs. per sq. ft. 
ultimate load uniformly distributed. The writer never 
heard of such a construction failing by shear, though 
the total load is twice what it would be if the beam were 
simply supported at the ends. The writer has made 
numerous tests himself on such work and knows that this 
is true. 

In some eighteen beams. recently tested at the Rose 
Polytechnic Institute by Professor Malverd A. Howe, 
ranging in size from 5 ins. deep. by 12 ins. wide and 10-ft. 
span, to 21 ins. deep by 12 ins. wide and 18-ft. span, 
three failed by shear at the ends within about 15% of the 
“ultimate strength in bending, the others giving beam 
breaks. With regard to these three, the tests on compres- 
sion blocks indicate that most of this discrepancy was 
due to the concrete- not having the theoretical crushing 
Strength assumed. Professor Howe will no doubt wish to 
write up his own investigation, and the writer does not 
wish to anticipate him by giving the details at this time. 
Suffice it to say that they will show that there are several 
roads to Rome. 

Very truly yours, A. L. Johnson, M. Am. Soc. C.E. 

St. Louis, Mo., Jan. 23, 1904. 
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Sir: In the issue of Engineering News for Jan. 21, 1904, 
there appeared an article by Mr. Julius Kahn, Assoc. M. 
Am. Soc. C. E., entitled ‘‘Some of the Causes of Recent 
Failures of Reinforced Concrete Construction.”’ 

Mr. Kahn confined his remarks principally to the 
proper distribution of the steel reinforcement, and stated, 
in effect, that all other matters were of secondary im- 
portance. From his point of view perhaps this fs correct, 
but ther$ are at the present time in use quite a number 
of ‘“‘systems’’ of reinforcement, different shapes of rods, 
sheets of metal, wire cloth, etc., all of which, when prop- 
erly used and tested to destruction, have given excel- 
lent results. Many of these systems have been in use, 
and the materials been on the market for a number of 
years, and if the systems themselves were at fault the 
number of recorded failures would have been many times 
increased. 

That the steel, in some systems of reinforcement, is not 
economically distributed can scarcely be denied, but “the 
fact that beams and slabs made under any particular 
method (size, shape, etc., being uniform) show a quite 
uniform breaking strength, indicates the capacity of that 
system. The fact that some of the beams, which are made 
and tested alike, break at a much lower stress than 
others, should not detract from the merits of the system, 
because its capacity has been indicated by the highest test 
of. the series. .The beams breaking at. the lower stréss 
simply indicate that in some respecte:they were inferior 
to others of the series, or in other words,’ defective. ee 

If there is any great range of value for this test break- 
ing stress it should be the duty of the person conducting 


the tests to ascertain the cause, in order to guard against 
a repetition of the same. When this is done the results 
are not always published, and we sometimes see tables of 
breaking tests, on beams and slabs of reinforced concrete, 
varying by 50%, more or less, with no explanation of the 
variation. 

In beams with the same amount and disposition of, 
metal, and tested in the same manner, the cause of this 
variation in strength must be looked for in the composi- 
tion of the concrete, the manner of placing, or the man- 
ner of removal of the forms. The beams made for test 
are usually made with greater care than can be exer- 
cised in the hurry of contract work, and the conditions as 
regards cleanliness are much better; therefore, any de- 
fects which we may find in the test beam are likely to te 
magnified many times, in actual construction. 

While it is desirable to have the steel reinforcement 
placed as economically as possible, still, if a structure is 
designed to be built in accordance with any of the standard 
systems of reinforcement, using as a basis the results of 
full size tests for strength, with a proper factor of safety, 
the structure will be safe, provided all the work of 
construction is carefully and properly done. Notwith- 
standing this, we sometimes hear of a structure (or part 
of a structure) so designed which fails. Evidently, then, 
the last condition has not been fulfilled. 

The writer believes that most of the failures of rein- 
forced concrete can be traced to improper and careless 
handling of the materials, forms, etc., and while he has 
not had an opportunity to examine any of the larger 
failures, he has watched with considerable interest the 
process of construction in different places, and on works 
of different character, in which both concrete and steel 
are used, and has found it an excellent way to learn how 
not to build reinforced concrete. 

It is undoubtedly true, that the majority of busy en- 
gineers and architects have comparatively little time to 
spend on the work being built according to their design. 
The contractor also is generally more interested in se- 
curing other contracts and in seeing that they are con- 
ducted expeditiously than in the actual details of construc- 
tion. This is to be regretted as it leaves the work as a 
rule in the care of foremen and inspectors, who generally 
have no (or a very imperfect) idea of design. There 
seems to be a very prevalent idea among these men that 
the steel is intended to take all the stress, of every kind, 
and that the concrete is used simply to level up, or give 
form to the structure. 

In support of this statement the writer would call | 
attention to some of the different methods in vogue in 
building reinforced concrete as witnessed by him. 

In examining some floor construction, of about 15 ft. 
span, not long ago, the writer noticed a floor panel which 
was about 1% or 2 ins. lower on the top than the others, 
and this was explained by the foreman, who stated that 
there was still that much concrete to be placed thereon, 
It had been left in that shape at night, owing to a com- 
bination of circumstances which it is not necessary to re- 
late, and at the time examined the concrete was quite 
hard. The composition of the concrete seemed quite rich, 
and owing to the ramming and water flushing to the top 
the surface, while irregular, was smooth in a way re- 
sembling vitrified fire clay. This panel was subsequently 
leveled up to the elevation of the others. .From the writ- 
er’s observation the adhesion of concrete to other that has 
set is a very uncertain quantity, there always being a 
well defined line of cleavage and the concrete being easily 
separated along that line. in the writer’s opinion the 
effective depth of this panel was reduced by about the 
depth of the top layer of concrete, the latter giving little 
if any more strength han a plank laid on top of a beam. 

In another case of floor construction the forms had ail 
been constructed, the bottom layer of concrete had been 
spread over the form, and a laborer was in the act of 
placing the sheets of metal, The work adjacent had been 
completed and was set hard. The sheets of metal were 
slightly too long for the space they were to occupy, and 
instead of cutting them off or bending the end up, the 
ends were forced down to about the proper elevation and 
the whole sheet then forced down by walking on the top 
and striking with a rammer. This caused the sheet -to 
buckle badly and in places it was forced down through 
the concrete clear to the form, while in others it stood 
about 2 ins. from the forms. As the placing of the con- 
crete and the ramming progressed these high points woyld 
be forced down, and the metal would rise at other points. 
The metal and adjacent concrete were therefore in a state . 
of agitation, which coupled with the fact, that the concrete 
was rather too dry, the cement quick setting, and the 
time consumed in placing about one and one-Half hours, 
makes it almost certain that the band between the con- . 
crete and steel was imperfect, with the probability of 
voids also. Evidently the loading of such a floor would - 
produce a tendency for the metal to straighten out under 
the tension, thereby separating the concrete below from . 
that above the metal. That it has not so separated in 
this case is. probably due to the fact that the span was . 
short. The loading, also, at this point would probably 
not be as great as other portions of the floor.. . Se 

In another case in which the forms, rods and sheets of . 
metal were all in place before the placing of the con-__ 
crete began, the concrete was dumped on top and forced 
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through the meshes of the metal by raising the latter 
with hooks. The concrete was dumped from wheelbarrows 
rolled on plank runways, which, together with the men 
ramming, occupied so much of the spacé that the rais- 
ing of the metal and forcing of the concrete through the 
same was not properly or uniformly done. The foréman 
stated that he “Did not care if it was a little rough on 
the bottom as it had to be plastered.’ From his point of 
view the results must have been excellent, as when the 
forms were removed the bottom was certainly rough 
enough, and there were quite a number of places where 
the metal showed, varying in size from a few square 
inches to a matter of square feet. 

The amount of exposed metal in the underside of some 
reinforced concrete floors would probably prove a sur- 
prise to their designers if they would examine the floors 
immediately after the removal of the forms. 

It would seem to be self-evident to even the most ig- 
norant mechanic that the forms should be removed with 
as great care and as little damage to the concrete as 
possible. Nevertheless, the writer recalls a case where 
some forms for the underside of a floor, made of matched 
boards and laid in full lengths, had swollen so much and 
adhered to the concrete so badly that their removal was 
rather difficult, and a laborer, with staylaths erected to 
protect him from the falling boards, was engaged in 
showering blows of a twelve-pound hammer against the 
underside of the floor in order te jar the boards loose. 

How many blows of a similar hammer would it take to 
injure a soft sandstone slab 12 ft. square and 8 ins. thick, 
supported at all four sides? 

The writer not long ago examined a structure in which 
small rods placed vertically were used as reinforcement 
for a vertical wall designed to act as a beam. The con- 
crete had been placed for a height of about 5 ft., 
and at that point work had been suspended, apparently 
for some time, as the concrete was quite hard. The rods 
were held in a vertical position at a point about 3 ft. 
above the concrete by wires and blocks of wood, while 
at the top five to eight feet of rod was free to swing. A 
slight touch was sufficient to set these rods swaying, 
which they continued to do for some time. On examining 
the concrete where the rod entered, there was found to 
be an open space around the rod in which a knife blade 
could be run a couple of inches. From the angle through 
which the rod moved it was estimated that there was no 
adhesion between the concrete and rods for at least six 
inches below the surface 

It is usually assumed that the adhesion of concrete to 
steel is about 50 Ibs. per sq. in. Assuming that the con- 
crete in this case was .aid in 9-in, layers, with the rods 
constantly swaying from the ramming, etc., what shotid 
be allowed for the adhesion of the concrete? The rods 
were of a deformed type which in this case was certainly 
a@ great advantage. 

In the construction of some sidewalk vaults, built with 
concrete reinforced with expanded metal, between steel 
beams, it was noticed that the expanded metal was placed 
with the long diagonal of the mesh parallel with the steei 
beams, apparently only because the sheets cut up more 
economically. What is the comparative strength of the 
metal placed in this way? 

That such practices in the use (or abuse) of materials 
in reinforced concrete construction are not common is to 
be hoped, and the writer believes such to be the case. 
Nevertheless, such cases do exist, for the above are not 
hypothetical cases, but observed facts, and many other 
cases of similar nature might be enumerated. Sufficient, 
however, has been said to show that the design of a 
structure in reinforced concrete need not be the only cause 
of its failure, and there are undoubtedly some such struc- 
tures now standing simply because their weakest part has 
a factor of safety (due to construction) of 1 +. 

In the writer's opinion this condition of affairs is caused 
by lack of sufficient and efficient inspection. It is seldom 
the case on any piece of construction that there is a suffi- 
cient number of petent inspectors, and this is par- 
ticularly the case in building construction. The inspeco- 
tors, also, frequently have so little authority as to make 
them little more than figureheads, or ‘‘spotters,’’ on the 
work. 

Such a condition of affairs is entirely wrong. From 
the writer's experience he has found that by far the 
greater number of contractors desire, and endeavor, to 
produce work perfectly safe, and the character of which 


“eannot be questioned. 


The source of danger lies in the laborers and foremen 
employed upon the work. The former desire only to make 
as many days’ time, at as high a rate of pay as possible, 
while the latter knows that his value to his employer, and 
consequently the amount of his salary, depend princi- 
pally upon the quantity of work done in a certain time. 
Both work on the assumption that anything which passes 
inspection is “‘good enough.” 

It is in correcting this impression, in pointing out defec- 
tive work and insisting upon its removal and correction 
(preventing rather than correcting, wherever possible), 
that an inspector is of greatest value. He should be a 
man of experience in the kind of work of which he has 
charge, and should be given sufficient support and author- 
ity to enable him to see that all work is well and thor- 
oughly done and in accordance with the specifications. 


While it is probably true that structures of reinforced 
concrete have failed from improper designing, it is un- 
doubtedly equally true that they have failed from im- 
proper construction. 

In either case the engineer or designer is equally re- 
sponsible, and the blame should not be laid upon the con- 
tractor, who more than likely desired to turn out a first- 
class piece of work. Very truly yours, 

E, G. Haines, Assoc. M. Am. Soc. C. E., Resident Engi- 
neer, Division No. 1, Atlantic Ave. Improvement. 

5 Hanson Place, Brooklyn, N. Y., Jan. 27, 1904. 


(Proofs of the above letters were submitted to 
Mr. Kahn, and we append his reply as follows: 


Sir: Replying first to Mr, Johnson: 


As for the writer’s considering himself “the original 
discoverer of shearing stresses,”’ the statement is absurd. 
As a matter of fact, reference was made by the writer in 
an article in Engineering News of Oct. 15, to Capt. John 
Stephen Sewell’s excellent paper in the Engineering News 
of Jan. 29, 1903, in which Capt. Sewell so convincingly 
called attention to the matter of vertical reinforcement 
and the close relationship between theory and actual tests 
in concrete-steel. Although Capt. Sewell does not lay 
claim to the discovery of the need of such vertical rein- 
forcement, he is certainly entitled to the credit for hav- 
ing called first attention to this in an American publica- 
tion. 

Nor is the writer unaware of the fact that such shear- 
ing stresses have been provided for by competent engi- 


. neers heretofore. In fact, he said, in his recent article, 


that such engineers have rarely had failures in their 
structures. 

As for the Kahn bar being essential to success, not a 
single mention of it was made in the article in question. 
But since Mr. Johnson attacks it, let us consider his ob- 
jections. 


First, as to bis statement that “if each wins 


arated from the rectangular,” etc. Authorit.. |” 
even plate girders should be stiffened at 4 —_ 
farther apart than the depth of the girder, ™** 
stiffening should preferably have an inclinat \: =e 
the vertical. (See Theory of Framed Structu 7 “j 
J. B. Johnson.) And yet, in a concrete bea: Posy 
safe shearing capacity of the material is o1\, — 
60 pounds per sq. in., Mr. A. L. Johnson th + = 
turning up of the bars at the quarter point oa ec 
between there and the ends (Fig. 2), not «, ae 
the generally used stirrups, is quite sufficie;: 
known that the efficiency of the shear reins, wg 


comes greater as it approaches the vertical, 
the case of a beam, say 14 ins. deep, 24 ;; 
Johnson believes that the reinforcement set . ang] 
of 70° or 80° with the vertical, is quite en  — 
this seem reasonable? Furthermore, if max 


does exist primarily at the ends, is not the Ka . 2 
3) with its shear members at an angle of 45”. at rg 
tances apart equal to the depth of the beam, n ficient 
than Mr. Johnson’s set at 70° or 80° with : Ttical? 


Experiments made by the writer, as well a others, 
have indicated that the best manner of r-. ling the 
stresses set up within a concrete beam, is , 


them as internal arches of stress, as shown .. gry 
each arch having its horizontal thrust taken . ither by 
the adhesion of the concrete to the horizontal |r, or by 
positive abutments provided by the Kahn *, which 


transmit the stress into the horizontal bar. 1) satisfy 
himself conclusively on this point, the writer jas taken 
blocks of hard material formed as the voussoirs of a flat 
arch, and set them between the prongs of his reinforcement 
bar. These, although net a particle of cement had been 
used between the various blocks, carried large weight, 
and had it not been for the deflection due to poorly fitting 
joints, would probably have been as strong as if the 
beam had been a solid compact mass. The prongs formed 
positive abutments for each voussoir, or arch of stress: 


Lines rupture Fig. /. 


~ 
~ 


ig. 2. 


Fig. 3. 


meving load. fig. 
Figs. 1 to 5. 


Kahn's method reinforce merd 


Fig. 7. 
Kahn System 


a “Johnson System. 
Figs. 7 and 8. 


TESTS OF CONCRETE-STEEL BEAMS MADE AT THE MASSACHUSETTS INSTITUTE OF TECHNOLOGY. 
anne! 


Number, size and kind of bars— of 
-—-Near top-— lo: 
e 


+Exclusive of weights of beam. 


ad's; 

of te) of frac- 

beam. days. No. sq.ins. orT.* No. sq.ins.orT.* ture. beam. load. in.-Ibs. 

ri 1 .. Center. 1,198 z 

Center. 1,200 1,300 62,700 Vertical break at middle. Bar 


r ax. 
Weight in Ibs. bending 
mo- 
Break- mentat 

ing fracture, Remarks. 
62,733 Vertical break near center span. 


drew down to \%-in. and broke 


At — 1,205 10,095 241,973 Vertical break at one point of ap- 


plication of load. Bar d.ew 
down to 4-in. and broke. 


4 38 1 T merete crush on top. 
Center. 1,160 13,680 470,580 Co h 
56 1 aie ,200 14,710 506,715 
6 50 1 1 T ee 1,204 15,796 641,134 
7 41 1 1% ¥ ee ove oe - 1,195 12,805 442,283 
8 41 2 1 eee 1,240 18,760 639,540 
9 42 2 1% 1,274 23, 783,486 
10 2 1% T 1 1,279 21,105 717,569 
2 1% T 2 % 1,294. 23,105 783,816 
12 3 2 1% T ae 1.262 24, 553, 
13 «C-31 2 1 ous 1,297 29,200 663,718 
14 380 2 1 2 1,341 24,200 554,52 
15 853 1 1 P ose 1,292 15,250 356,818 
49 1 1 = aan 1,211 16,500 282, 
17. «48 2 P oud 1,271 15,950 370,700 
18 40 2 T ose oe = 1.200 19.000 
19 «635 4 ly P ot éon os - 1,261 17,500 378,065 Beam had crack 18 ins. from cen- 
. ter; failed at this vertical crack 
20. 33 4 T oe eee ee “1,213 20,000 433,329 Failed by longitudinal shearing. 
21 ST 1 % P ‘ ae os - 1,213 12,500 295,015 Vertical break, point application 
load; rod pulled through: con- 
crete not sufficiently packed in 
making. 
33 1391 30280 408047 Beam cracked in handline. 22 ins 
nos erac in handling. 22 ins. 
ssa : from center; failed from longi- 
tudinal shearing. 
24 #447 4 T 1,203 19,250 443, 
23 4 P es 1,192 15,250 355,168 
26 «6440 2 4 1,215 24,250 553, 
#2 1 1 eee 1,222 21,750 498, 
*p—plain; T—twisted. | 


All of the fractures except Nos 1, 2, 3, 4, 19, 20 and 21 were of the following general character: They « nsisted 


of a longitudinal shearing break at, or a Ii 


above, the reinforcing bar, and, in addition, a break extend = 


onally (often at an inclination of about 45°) upwards towards the center. a point where this diagon:. > 
es 


joined the top of the beam was sometimes at the point o 
Note.—Beams 


Nos. 12, 13, 14, had U-shaped stirrups set so as to surround the 


f application, and near it. 


i} Hol 
= 
| 
{ 
iy ; 
Ve \ 
4 Joh ethod of providing for shea 4 
“Vly, 
“lw 36. 
hea} 
hia 
points 
~ 
Pe 
ars 


February 18, 1904- 


ENGINEERING NEWS. 


59 


vter the load, the greater the clinching 


& the voussoirs on these prongs. Such a 
section forms a self-contained flat arch. Every 
—, -. abutment and every pair of abutments its 
youssolr diagonal receives the summation of the ver- 
eget is of all arches of stress between it and the 
tical ny ‘yeam at its bottom, and carries this load 
om * jing it over the arches extending between 
—— ‘n support of the beam. At the same time, 
these arches by crossing them practically 
it ties t6' making them all act in unison. It is quite 
at right ome engineers may not agree with the writer, 
concrete beams tend to resist stresses in 


‘tlined above.. Nevertheless, if records of 
failure are studied carefully, it will be ob- 


with the lines of principal tensile stress was so clearly 
set forth in the article already mentioned by Capt. Sewell, 
that the writer can do no better than refer to the same. 

In steel bridge construction, it is generally recognized 
that perhaps the most economical and efficient construc- 
tion is the Pratt truss. Surely the efficiency of this ar- 
rang nt of bers does not sudden!y cease when they 
are surrounded by a mass of concrete? 

Regarding the 20-in. beam, cited in the recent article, 
the writer made a slight error in his scatement that if the 
safe shearing capacity of concrete is 50 Ibs. per sq. in., 
and if the area of shear is 120 sq. ins., the safe load on 
the beam would be 6,000 Ibs. instead of 12,000 Ibs. With 
12,000 Ibs. safe load, so far as shear is concerned, the 
beam would then be capable of carrying less than half o2 


FIG. 6. 


served that almost always the break is of a nature corre- 
sponding to arches of stress, and the beam has failed be- 
cause such arches found no abutment of sufficient strength 
to take their thrust, therefore failing by longitudinal 
shear along the bar, or vertically because means were not 
provided to transmit the vertical stress to the various 
arches and to cause them to act jointly. 

Assuming then, that such arches of stress exist, as in 
Fig. 1, let us compare the writer’s method of providing 
for these stresses with Mr. Johnson’s proposed method. The 
accompanying diagrams are quite explanatory, and hard- 
ly need a special argument to show the superiority of one 
above the other. Undoubtedly the arrangement shown 
in Fig. 2 has some efficiency in shear, but the writer 
doubts its absolute and positive nature, and tests to de- 
struction certainly give proof to his conviction. As for 
his own method of vertical reinforcement, Fig. 3, he has 
made so many tests with never so much as a hair of a 
shear crack, that he is warranted in positively asserting 
that shear is entirely provided for. 

Referring to Figs. 7 and 8, notations marked thus, A B, 
refer to the writer’s method of reinforcement, and those 
marked thus, A’ B’, to Mr. Johnson’s method. Assume 
a given plane A B, the reaction P tends to revolve the 
end of the beam about the point A into the dotted posi- 
tion, and is resisted from doing so by the steel along the 
lines ab and cd in the writer’s diagram, and a’ b’ and 
ed’ in Mr. Johnson’s. Would Mr. Johnson explain why 
ed with the lever arm X should be especially less effi- 
cient than ce’ d’ with the lever arm X’? -If Mr. Johnson 
wished to stop a wheel from revolving, would he apply 
the resisting force along the periphery or somewhere near 
the hub? But perhaps Mr. Johnson will feel more at 
ease if we quote from the late Prof. J. B, Johnson re- 
garding the distribution of shearing stress in the beam: 

It is proved in mechanics that wherever a shearing 
Stress acts along any plane in an elastic body, there is 
another shearing stress of the same intensity at that 
point acting on another plane at right angles to the first. 
Also, that the effect of these two equal shearing stresses 
at right angles to each other, is to produce two direct 
stresses of the same intensity, also at right angles to 
each other and at 45° with the former planes, one of 


these direct stresses being tensile and the other com- 
pression. 


According to this principle, which was originally out- 
lined by Rankine, if we were to lay out the lines of prin- 
cipal tensile stress in the beam, we would find them to be 
curves approximating very closely a line of 45° with the 
Vertical The close relationship of actual failure lines 


the capacity it has in bending, which is 25,000 lbs., pro- 
vided the steel had been strained to its full value at the 
center. 

If we regard Mr. Johnson’s own published diagrams 
for the strength of steel concrete beams, we will find for 


load of approximately 106,000 lbs., or a safe load of 
26,500 Ibs. Now, if a beam 12 ins. wide with 1% sq. ins. 
of metal carries safely 26,500 Ibs., a beam 6 ins. wide 
with % sq. in. of metal should carry safely 13,250 Ibs. 

But Mr. Johnson, after his very lengthy discussion, 
would have us believe that this same beam with 1% sq. 
ins. of metal is not a particle stronger. If Mr. Johnson 
had been consistent with the derivation of his own for- 
mulae he would at once have conceded that if two beams 
are taken into comparison the one with twice the quan- 
tity of steel of the other, the neutral axis must have ap- 
proached necessarily the bottom of the beam and there- 
fore the area of compression increased. Mr. Johnson neg- 
lects this matter entirely. Furthermore the writer dis- 
agrees with Mr. Johnson in the very !ocation of his neu- 
tral axis, which determines his moment of resistance, and 
of course can not agree in the accuracy of his formulae. 

If a construction made up of blocks of material or vous- 
soirs, set between the prongs of the writer's bar without 
any adhesive material whatsoever, can be made to carry 
large weights, it is evident that not a very. large part 
of such a beam can be in tension, and that arches of 
stress exist everywhere throughout the body of the beam, 
each finding its abutment in a set of prongs. It would 
seem more probable, therefore, that the neutral axis with 
such reinforcement is somewhere nearer the bottom of fhe 
beam than half or two-thirds of the way upwards. 

The writer sees no objection of course to applying Mr. 
Johnson's formulae to beams reinforced with corrugated 
bars, as he has never known them to fail otherwise than 
in shear, but as for the writer's method of reinforcement, 
he has never known them to fail otherwise than in bend- 
ing moment. In the case at hand he would not hesitate 
to load the beam to twice Mr. Johnson's determined 
amount. 

As a matter of fact, a beam of this type has generally on 
top a concrete floor slab, which forms a very powerful 
flange in compression, and the beam need, therefore, not be 
made unnecessarily wide. The question of efficiency of re- 
inforcement is whether the full tensile strength of the 
steel is transmitted to the body of the beam to balance 
this compression. If the stress coming into the horizon- 
tal bar is due to the horizontal components of inclined 
steel members attached directly to it, there is very little 
object in making the beam 12 ins. wide. In actual con- 
struction the writer would batter the size of his beam so 
as to make it possibly 4 ins. wide at the bottom and 8 
ins, at the top, thereby increasing the compressive area 
of the concrete in the body of the beam. Since he de- 
pends so little on the adhesion between the concrete and 
the steel, and since, so far as strength alone is con- 
cerned, he might actually place his main longitudinal re- 
inforcement outside of the concrete entirely, as is shown 
in test Figs. 9 and 10, he feels that only enough concrete 
is required in the lower part of his beam to thoroughly 
protect the steel. The beam should, therefore, be narrow 
at the bottom and batter towards the top. Such a con- 
struction is highly economical in the use of concrete as it 
places this material in a position where it is most effi- 
cient. So far as the safe loading is concerned for this 


FIG. 9. LONGITUDINAL REINFORCEMENT ENTIRELY OUTSIDE OF BEAM. DIAGONALS 
ONLY EXTENDING INTO SAME. LOAD, 40,720 LBS. DEFLECTION, %-IN. 


a beam 12 ins. wide. 1% sq. ins. of metal and whose 
depth is 19 ins., from the top to center of reinforcement, 
an ultimate moment of resistance of 1,600,000 in.-Ibs. 
which would be equivalent to an ultimate distributed 


beam, perhaps photographs of an actual test would be 
most conclusive, and the writer begs to refer to the test 
illustrated in Engineering News of Oct. 17, where two 
beams 20 ins. deep, each having % sq. ins. of steel im- 
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bedded therein, reinforced with the writer’s method, 
carried 110,000 Ibs. If on a 26-ft. span each beam with 
2 sq. ins. of steel, carried 55,000 Ibs., then in a 10-ft. span 
a beam with 1% sq. ins, should carry approximately 


55,000 x 26 x 1% 
10 x2 


or 26,000 Ibs. safely if a factor of safety of 4 is assumed. 
According to Mr. Johnson's formulae and mode of con- 
struction this result would have been impossible. 
Further, while Mr. Johnson's arrangement might act 
effectively under certain methods of loading, does it seem 


== 107,250 Ibs. 


Fig. 11. 


as though the metal had been placed in a reasonable man- 
ner where moving loads are taken into account, and where 
the stress diagram changes for every position of loading? 
As for the writer’s method of taking care of such moving 
loads, he adopts either one of the two arrangements 
shown by Figs. 4 and 5. He sets his bar along the upper 
edge, as well as the lower edge, producing thereby vir- 
tually latticed girders, without any riveting whatsoever. 
Where a heavy reinforced slab must resist moving loads, 
and where an abundance of vertical reinforcement is not 
so necessary as in beams, the writer generally allows his 
bars to be sheared all in one direction, setting one set 
of bars so that all prongs point in one direction, and al- 
ternative bars so that the prongs point in the opposite 
direction. This gives him the same latticed effect with- 
out the top reinforcement bar, and at the same time ob- 
viates the necessity of cutting to special lengths, so ob- 
jectionable to Mr. Johnson. 

Regarding the matter of shear reinforcement for floor 
slabs, for which case Mr. Johnson quotes from his tables 
that a slab 12 ft. span, 6 ins, thick, with 3-10-sq. in. of 
metal per running ft., is capable of carrying 615 lbs. per 
sq. ft. ultimate load, possibly the best way to prove fhe 
need of vertical reinforcement is to compare his floor with 
a public test recently made on one of the writer’s floors 
in Washington, with vertical reinforcement, 16 ft. span, 
and the same thickness of concrete, but with 6-10-sq. in. 
of metal per running ft. This carried over an area of 62 
sq. ft., a superimposed distributed load of 52,000 Ibs., 
equal to 840 Ibs. per sq. ft., without even the appreciable 
deflection of a hair. Reducing the conditions of this floor 
to the same span as that cited by Mr. Johnson, the Kahn 
floor should have carried, on a 12-ft. span, safely 1,500 
Ibs. per sq. ft., with 6-10-sq. in. of metal per ft. of cross- 
section, or with 3-10-sq. in. per ft., 750 lbs., without any 
appreciable deflection, as against 615 Ibs. breaking load 
of the Johnson floor. 

Some time ago the writer made a number of.tests on 
small beams-2 ins. wide and 4 ins. deep, suchias would 
occur in the section of a floor slab. Some were reinforced 
with plain rods along the bottom, Fig. 11; others with 
rods, as Mr. Johnson suggests, Fig. 12; and still others 
with the Kahn system, Fig. 13, The first: two beami®” 
failed by vertical and longitudinal shear at respectively 
3,000 Ibs, and 38,150 Ibs.; ‘the Kahn beam at 4,850 Ibs., the 
steel parting as usual near the center. All beams had been 
formed in the same mold and had the same cross-sec- | 
tional area of steel. 

As for the writer assuming “that all steel-concrete 
beams fail by shear,” this has never been claimed. It 
would be quite ridiculous to assume, for example, that a 
beam 24 ins, wide by 36 ins. deep, 6 ft. span, with a sin- 
gle quarter-inch rod, should fail in this manner. Where 
such an abundance of concrete is given to a construction, 
er rather so little reinforcement is used in comparison 
with the large amOdunt of concrete, the beam is hardly apt 
to shear. There are cases where properly proportioned 
beams, reinforced horizontally, have failed otherwise than 
in vertical or in longitudinal shear. These, however, are 
very rare indeed. Where beams have been economically 
designed with some practical idea as to proportion, and 
where loaded uniformly on top, so as to develop both 
shear and bending moment to the same extent, there 
are but few tests which show failure by the pulling of 
the steel apart. Regarding Prof. Howe's experiments, 
these “have not as yet appeared in print; limiting our- 
selves, therefore, to tests of the past, which the writer 
believes were made to verify formulae advanced by engi- 
neers engaged in reinforced concrete, let us refer to table 
No. 4 on beams in the ‘‘Transactions of the A. 8S. C. BE.” of 
June, 1908. These tests were made under the supervision 
of Prof. Lanza, at the Massachusetts Institute of Tech- 
nology, on 27 beams, 8 ins. by 12 ins., 11-ft. span, and 
reinforced in every conceivable way, with twisted and 


plain bars, and all proportions of reinforcement. A copy 
of the table is herewith published. 
As stated in the table: 


All the fractures except Nos. 1, 2, 3, 4, 19, 20 and 21, 
were of the following general character: They consisted 
of a longitudinal shearing break at a little above the re- 
inforcing bar, and in addition, a break extending diagon- 
ally (often at an inclination of about 45°) upwards to- 
wards the center. The point where this diagonal break 
joined at the top of the beam was sometimes at the point 
of application of the load and sometimes near it. 


Now, observe the construction of the 7 beams out of 


the 27 tested, which did not fail in accordance with the 
above general note. No. 1 was a beam without any 


Fig. 12. 
metal reinforcement whatsoever. No. 2 had a rod of 1-16- 


8q. in. cross-sectional area imbedded in it. The writer 
has built beams of the same dimensions, using, however, 
1 sq. in. of steel in the bottom, and developed practically 
the full strength of both the metal and the concrete, a test 


having 1-16-sq.in. of metal imbedded in the beam is there-- 


fore unscientific. No. 3had %-sq. in. of metal imbedded 
therein. It seems that this quantity of metal produced 
a beam equally strong in bending and shearing, as the 
beam apparently failed in both ways at the same time. 
No. 4, concrete crushed on top. No. 19, beam failed ap- 
parently in vertical shear. No. 20 failed by longitudinal 
shear. _ No, 21, the reinforcement slipped. 

Of 26 tests, with reinforcement, therefore, made at one 
of our most representative institutions, 23 beams failed 
by shear and only two by bending stress, and these two 
with a quantity of steel absolutely out of proportion to 
the area of concrete. And thése results were obtained 
with the beams subjected to a load applied at 1-or 2 
points, wherewith the shear was but slightly taxed in 
comparison with the bending moment. It will be well to 
note that in beams 12, 13 and 14, U-shaped stirrups were 
used, enclosing the rods; with Very Tittle effect in strength- 
ening the beam. Is not this proof quite sufficient that 
beams do fail in shear rather than in bending moment? 
The writer would also call attention to the 12 tests made 
by one of our very important railway companies, and re- 
ferred to in his recent article, all of which failed by 
shear. All had been reinforced with Mr. Johnson's cor- 
rugated bar and built in accordance with the directions in 
his catalogue. The writer does not care to mention the 
name of the company, since he has been requested not to 
do so. > 

As for the tendency of the steel to slip in the cen- 
ter: Let us again look at the photograph, Fig. 6, which 
appeared about a year ago, of a test slab supported on 
beams around its periphery, the construction being rein- 
forced with twisted bars. Note the direction of the shear 
cracks and their closeness together. Does it seem as 
though the steel had very much of a tendency to slip at the 
center, or does it seem as if vertical reinforcement were 
necessary at this locality? It would have been well for 
Mr. Johnson to have studied this photograph before mak- 
ing his assertion regarding the necessity of providing 
against slipping at the center of the beam. ‘Mr. Johnson 
has serious objections to the writer’s bar because it is 
left unsheared at the center, and, therefore, as he claims, 
the concrete does not adhere to it at that place. This to 
the writer seems positively ridiculous. Mr. Johnson 
should have proceeded just a little farther and questioned 
why the enormous amount of reinforced concrete work so 
successfully erected in Europe, stands up at all, since 
only plain bars without his corrugation were universally 
used. But how would Mr. Johnson explain the test shown 
in Figs. 9 and 10, where the main reinforcement is en- 
tirely outside of the concrete, and only the prongs extend 
into it, where a beam 13 ins, wide, 11 ins, deep, with 
4 ins. of brick on the outside and concrete be- 
tween, carries on a 12-ft. span, 40,720 Ibs. of steel 
billets with only %-in. deflection? Surely it points 
clearly to the fact that the writer does not depend much 
on the adhesion of the concrete to his main reinforce- 
ments, and that possibly there is some truth in the flat 
arch action in a reinforced beam after all. (For descrip- 
tion of this test see Engineering News of Oct. 17.) 

Finally, as for Mr. Johnson's statement that Kahn bars 
must be prepared in advance for a particular place. While 
this is not so in all cases, as shown above, does Mr, 
Johnson really think it such a serious objection that draw- 
ings and calculations should be carefully made for the 
steel-concrete construction at the office, in the same man- 
ner as would be done for steel construction? That the 
bars for each main girder are cut to exact lengths, marked 


4 


and numbered, that each bar comes to the b 
pleted unit intended for and fitting a deft: , 
Does it seem an error that numberless loose stir: 
not be entrusted to careless workmen, or that ba 
not be bent up at the building and set in Place 
at wrong angles, or where they do not belon: 
high carbon steel rods need not be heated bu 
bent around the flange of a beam? Does it . 
impractical that nothing is left to the unskilled 
at the building save the mixing of concrete and « 
ing of the one completed unit? Is not the fact 1 
main bar has been cut to length at the shop 
tinctly marked for its own place in the building 


to assure peace ‘ot mind? for the engipee * 


Referring: to Mr. Sehaub's rematks, the writer 
witt-him, in many wa¥g,and feels thatthe errors jn oo 
structiofare possibly régarde@ from uiffererit. Penis 
view. It does seem, however, that depth in the desigh 
of beams should always be aimed at, as such dépilis aaa 
very materially to the strength. If.a Jong spau were in 
consideration, it hardly seems that-a beam would 
be consistent with good design. Of course, uitless it js 
absolutely certain that the herizontal‘ reinfggcement is 
capable of taking the full” longitwéinal cCoMponent of 
steess, shallowness is the safeguard, a-a ‘deep beam 
with the’ proper “anieunt reinforcement*arranged 
idontally only} wauld undoubtedly shear. . Phe only ren. 
edy, therefore, seems sto; be that. of; providing tlie rein- 
forcement with suclt: positive ‘alutments- througtdut. jt: 
length; that there is‘ absolutely’ no*question abdut the 
slipping of the bar, and-to reinferce it vertieally so that 


agrees 


_ there is no danger of vertical shearing. The writes {vais 


that he has accomplished this result in his construction. 
Where the diagonal bars are secured to the horizontal 
rod, absolutely positive abutments are formed. At the 
same time these diagonals tie the beam together vertical! y 
and carry the shear. As for the turning up of the bar 
at the ends, of course this lends efficiency to the beam and 
assists in preventing slipping at the ends. The difference 
between this method and the writer's is, that besides pro- 
viding for slipping at the ends with both a positive shoul- 
der, and a pair of. bent-up prongs, he provides for it at 
distances along the rods equal to the depth of the beam, 
or in other words, referring to Fig. 3, and regarding again 
the stresses in the beam as internal arches, each interior 
arch finds an abutment at a, b, c, a, etc., and of course 
the stresses of these various arches are taken up within 
the tie-rods aa, bb, cc, etc. This latter method would, 
therefore, be similar to a self-contained flat arch, which, 
no matter how great the deflection of the beam might be, 
would still be in positive action everywhere, as the 
greater. the deflection, the greater the clinching action be- 
tween the various voussoirs. The end prong receives the 
horizontal thrust due to the end shear only, intermediate 
thrusts having already been taken up before reaching the 
end. With Mr. Schaub’s method, however, if for any 
reason the end hook should give way, this receiving the 
sum total of the thrust of all arches, providing friction 
on the bar were disregarded, then the beam should col- 
lapse in longitudinal slipping, as already mentioned. 
That there is much danger of the end of a rod, when 
bent up as suggested, straightening out when the beam is 
loaded, will readily appear if reference is made to tests 
by Sanford E. Thompson, published in the ‘“Enginering 
Record”’ of Sept. 12, 1908. As for the writer’s reinforce- 
ment, it absolutely can not slip. So many tests to de- 
struction have been made on his bar without the sligytest 
evidence of slipping that this has been definitely proven. 
Julius Kaho. 
Detroit, Mich., Feb. 6, 1904. 


Notes and Queries. 

Information is wanted concerning Patrick O’Conue! 4 
native of Providence, R. I., and formerly engaged in 
tracting work. He left Providence in 1882 to take chi'+° 
of some work on the Panama Railroad. If still livins be 
would be about 50 years of age. 

“L. E.,” Chicago, Ill., writes: 


I would be glad to know if there is an appliance iv ‘°° 
market for boring holes through ice to be used in co: - 


_ tion with soundings. 1 understend such a machine 3s 
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ssa exteccively OB government work in the vicinity of 
Duluth. 
nl) vot be a difficult task, we should think, to rig 

)and-auger with mechanism for rotatng it and 
a -ownward, or some of the hand power rock 
wens nor . the market might fill the bill. 

Our attenUon bas been called to two errors in the article 
“Graphic: Determination of Angles in Skew Structural 
Work” printed in our issue of Jan. “4, 1904. Near the 
close of the article, under the a raid Angle N.”’ refer- 
ence is mate to the line K Z—K’'L. The letter Z herein 
eferred to Was omitted from the diagram accompanying - 
res article, it should have appeared at the intersection of 
line KW with CL, Again, at abest the middle of the 
article, usder the heading “Angle D, the sentence oc- 
curs, “A ine normal to the ip web ‘will. sevetve into H 
in a parallel toaC.”"* This sheuld read “, .. im a par- 


* 


allel to b C.”” : 

We printed last week a reportof the meeting of Bos- 
ton Members of the American Society of Civil Engineers 
to discuss the Union Engineering House project. Since 
that report was received a fuller statement of the ballot 
taken at the meeting has been sent us and we printed it, 


as follows: 


The notice of the meeting was sent to 185 members, and 
in order to obtain an expression of opinion from as many 
of the members as possible those who were not able to ai- 


he meeting were requested to express their opinion 
by letter. A vote was taken upon this proposition: “‘Shall 
the American Society of Civil Engineers become one of the 
Constituent Societies in the occupancy and control of the 
proposed Union Engineering Building, under the terms 


outlined by the Joint Conference Committee?’’ The 
result was as follows: . 
Not presen 
at the Present. Total. 
meeting 
Ie concen 25 71 
Opposed 16 4 90 
Not voting. 84 10 94 


ILLINOIS ENGINEERS AND ILLINOIS ROADS. 
By Ira O. Baker, M. Am. Soc. C. E. 


In Illinois there is just now a distinct call to the en- 
gineers of the state to help in finding the best solution 
of the good-roads problem. The legislature at its last ses- 
sion authorized the governor to appoint a commission to 
study the road question and report its conclusions to the 
next legislature. The commission has been appointed, and 
its report is sure to bring the road question up for active 
consideration, Is it too much to say that the civil en- 
gineers of the state, particularly the members of this so- 
ciety, scattered in the several communities, should con- 
tribute of their knowledge to the solution of this problem? 

The good road problem is usually much more than a 
question of materials and the methods of using them. 
Matters relating to efficient road administration, and to 


the equitable adjustment of the expense of any proposed . 


improvement between the lowest and the various higher 
governmental ubits, and: a proper. distribution of the ex- 
pense between the present and the future, will require the 
wisest statesmanship, the most careful consideration of 
conflicting interests, and a recognition of the power of 
established practice. The engineer Who has been trained 
to weigh causes “and foresee results should be able to 


throw some light upon this part of the good road problem. ~ 


In the next legislature an attempt will probably be made 
to embody some view of road reform in legal enactment, and 
engineers should be ready to discuss the question with in- 
telligence. I am not unmindful that at the annual meetings 
of eur society there have been papers and reports upon’ 
various road matters; but such articles are written for engi- 
neers, while nearly all the rural roads are in name and 
in fact under the control of the farmers, and it is highly 
‘mprobable that any material legal change will be made in’ 
road matters which is not approved by the farmers. The 
Problem then ts~to induge the farmers to take better care 
of the present reads, or to instruct them in improved 
methods of caring for the present roids, or to persuade 
them to approve means that will lead to better roads than 
the present ones can ever be: It appéars that there are 
many who are surprised to learn that anything can be 
done to improve the ordinary earth road. j 

One of the minor problems {e to find ai suitable material 
for the floors of highway bridges. At present, in this 
State, oak planks are generally. if not always, used; but 
it is now nearly impossible to find fairly satisfactory lum- 
thi burpose,and in.the future the diffieylty will 
and more scaree, but its cost. is increasing rapidly. Ap- 
parently, concrete is the most promising substitute, but we 


- data for its intelligent use. In the first place little 
r noth 


‘rete, ood but little is known about its tensile strength.. 
acts from a pa 


read 
“.3 Society. of Engineers Cham- 
, Jan. 21, 1904 


ot Civil Engineering, University of Illinois, 


Not only ig lumber growing poorer in quality - 


ng is known about the shearing strength of con- — 


at the annual meeting of - 


Of course, these data must be obtained by those having 
access to a testing machine. The University of Illinois 
has made a start toward the determination of what may 
be called the coefficients of concrete. The university has 
also begun some experiments directly upon the strength 
of concrete when employed for floors of highway bridges. 

Another of these relatively minor problems that the 
public needs help upon is whether a broken stone road can 
be built in the corn belt of Illinois that will not be pulled 
to pieces by the mud brought upon it from the unpaved 
roadside? Some poorly constructed roads have been quick- 
ly pulled to pieces, which seems to show that there is at 
best only a narrow margin between success and failure. 
As the result of a single piece of road would not be con- 
clusive, it is desirable that also this experiment should 
be made in different localities by different observers, the 
methods and results in each case being carefully recorded 
and published. 


ANNUAL MEETING OF THE CONNECTICUT SOCIETY OF 
CIVIL ENGINEERS, 


For the first time in its 20 years of existence, 
the Connecticut Society of Civil Engineers held a 
two days’ session, Hartford being the place of 
meeting, and Feb. 9th and 10th the days of 
meeting. 

This society has now a membership of 236, and 
fully 40% of this number attended the convention 
which in every way has justified the expectation 
that two full days may be annually devoted to 
the reading of papers, the discussion of previously 
printed papers and to social pleasure. 

Hon. Ignatius A. Sullivan, Mayot of Hartford, 
delivered a cordial address of welcome, after 
which the report of the Secretary and Treasurer, 
Mr. J. Frederick Jackson, of New Haven, was 
read. During the year 1,200 copies of the nine- 
teenth annual report were printed and distrib- 
uted. Fourteen new members were received into 
the society, besides two honorary members. The 
receipts for the year were $1,729.69, and the dis- 
bursements were $1,106.35, leaving a balance of 
$623.34 on Feb. 8; 1904. 

Mr. J. K. Punderford, of New Haven, was 
elected President, to succeed Mr. Frederick L. 
Ford. Mr. Ralph M. Wilcox, of Middletown, was 
elected Vice-President; Mr. Walter T. Spencer, of 
New Haven, was elected Second Vice-President; 
and Mr. J. Frederick Jackson was re-elected Sec- 
retary and Treasurer. President Frederick L. 
Ford then delivered the annual presidential ad- 
dress, which was presented in a novel form as a 
contract and specifications, in which the names 
of many of the members appeared, wittily ar- 
ranged. 

In the afternoon session of the first day, an ad- 
dress on “Good Roads” was delivered by Mr. 
James H.. Macdonald, State Highway Commis- 
sioner. Before beginning his prepared address, 
Mr. Macdonald paid a tribute to the memory of 
the late James P. Bogart, of New York, who was 
an active member of the society. Mr. Macdonald 


of use no abrasion has taken place. The dam is 
arched so as to give a greater factor of safety, 
although it is designed as a gravity dam. Its 
maximum height is 24 ft. and its length 203 ft. 
A large number of photographs and blue prints 
were used to illustrate the work in progress and 
when completed. 

“Forestry in Relation to Water Supplies,’ was 
the title of a paper by Prof. H. S. Graves of the 
Yale Forest School. He discussed the economics 
of forest planting on the lands owned by wate 
companies, and gave data relative to the work 
thus far done at New Haven and at Hartford. 

The next and last paper’was read by Mr. W. H. 
Richards, Superintendent and Engineer of the 
water-works system of New London, in which he 
described a storage reservoir built in the Oswe- 
gatchie hills. The new reservoir covers 40 acres 
and has a drainage area of 2.7 sq. miles. és 

The annual banquet was given in the large pfi- 
vate dining room of the Hartford Club, and 115 
members of the society were present. . The menu 
cards were fac-similies of a contract and the 
requisite bond. Mr. Frederick L. Ford, City En- 
gineer of Hartford, the retiring president, was 
toastmaster. At his right sat Mayor Sullivan, 
State Highway Commissioner James H. Mac- 
donald, Hon. Martin Dodge, Director of the Office 
of Public. Road Inquiries of Washington, D. C., 
and W. E. McClintock, Chairman of the Massa- 
chusetts Highway Commission. At his left hand 
were H. S. Earle, Highway Commissioner of 
Michigan; J. W. Hunter, Highway Commissioner 
of Pennsylvania; Joseph Buttis, President of the 
Street Board, and W. S. Morton, Chief Engineer 
of the New Milford Power Company. Those who 
responded to the various toasts were: Mayor Sul- 
livan, Hon. Martin .Dodge, Horatio 8S. Earle, 
Henry J. Kellogg, James H. Macdonald, A. P. 
Boller, W. E. McClintock and John K. Punder- 
ford. 


MOVING A PARIS FOOTBRIDGE OVER THE SEINE AND 

WITHDRAWING ITS PIERS BY HYDRAULIC JACKS. 

By Rene Bonnin.* 3 

The northern section of the circular branch of 
the Metropolitan underground railway of. Paris, 
which was opened. to travel in March, 1903, cou- 
tinues across the Seine to the southern portion of 
Paris to join the Place de l’Etoile with the Place 
de la Nation, following the exterior boulevards. 
This last.line, now under construction, after leav- 
ing the Trocadero station and passing under-.; 
ground beneath Franklin and streets: 
crosses the Seine where the Passy footbridgew 
formerly stood, This footbridge, which was bulity 
in 1878 to give passage to pedestrians only, was- 
neither sufficiently strong nor wide to allow of its 
being utilized for carrying the tracks of- the, 
Metropolitan, and to serve at the same time as a 


FIG. 1. .PART ELEVATION OF 


He estimated that in consequence ‘of this object 
lesson, the towns have built 1,000 miles more. of. 
good reads without any assistance from the State, 
During the second day’s session three interesting 


ceedingly practical paper presented by Mr. W. 
Scott Morton, Chief Engineer of the New Milford 
_ Power Co., a corporation which has recently built 
a large dam and feeder canal on the Housatonic 
River.. .The dam .itself is of rubble concrete in 
which 1% bbls. of Portland cement were used per 


cu..yd. The -top.and face.of.the dam. are grano-.. 


lithic, the-concrete usedbeing 1 cement, 1% sand, 
and 1% screened pebbles; and after three months 


PASSY. FOOT BRIDGE MOUNTED ON TRESTLE TRACKS FOR 
MOVING. 


stated, in the course of his.address, that since the - 
State of Connecticut took up the building of good _ 
roads in 1895; there had been expended $1,900,000, 
for which 500 miles of hard roads had been built. . 


wagon-bridge connecting the two popular quar- 
ters of Paris, Passy and Grenelle. Hence it be- 
came indispensable to replace the Passy foot- 
bridge by a viaduct which should occupy its site. 
This viaduct has two stories; the first, or lower 
Story to be used for teams, and the upper one 
fer the trains of the Metropolitan. As, however, 


the travel between the two shores could not be 


” papers wére read, the first of,.which was an ex: . stopped while the construction of the new bridge 
‘was going on, it was decided to preserve the foot- 


bridge temporarily and to displace it parallel to 
itself and about 100 ft. down-stream so as to have 
enough room for the construction of the new 
viaduct..:- { 

Thé Passy footbridge is composed of two parts’ 
(Fig. ,; one atross the main ‘channel 


*61 Rue Louis Blanc, Paris, France. at 
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4 Pyuiee Seine, on the Passy side; the other and smaller section was moved over on rollers running on curve of the lower chord of the trusses 
- % a portion on the Grenelle side, the two parts being scaffolds, built parallel to the current of the river, b, were placed between the sills of th —— 
. 4) a separated by the Ile des Cygnes. Each part of and reaching from its old to its new position. The and the top stringers of the Scaffold ‘te ‘Stles 
a 7 Ht 4 the bridge is divided into three spans. In the small section was moved on two scows, each car- proper was an iron plate laid on the a? “— 
‘ger, 
i 
ra a | | 
i 
! 


id 
j This preliminary being finished, and metal 
cap of the pier being taken away, the whole 
metallic part of the bridge was lifted with. even 
i a removing the joint at the middle of th center 
bY span, by four hydraulic 100-ton jacks, on: each 
“- aie | | column, which rested on the concrete in ‘he col- 
a aa umns. After the bridge had been raised. wooden 
4 - (63 29.812) 29.926) wedges were driven in hard between th. top of 
M m the trestles and the bottom of the chords and 
| £ g | 71 \ secured firmly thereto by bolts, so that the entire 
nw j 2 weight of the metallic part should rest on the 
bd ey a - - trestles. Then the bridge was gradually drawn 
trestles. In order to set the metallic part of the 
bridge on the wooden cushions prepared to r. ceive 
1 it, it was raised a little by the jacks, the rollers 
Fig. 3. Temporary Main Pier. Fig. 4. Temporary End Pier. were removed, and the bridge lowered to the 
i FIGS. 2 TO 4. TRANSVERSE AND LONGITUDINAL ELEVATIONS OF TRESTLE TRACKS. cushions (MM Figs. 3.and 4). 
a i In order to insure the moving of the bridge so 
mi longer part the middle span is 48 inches (157.48 rying one half, and brought by means of wind- that its different positions should be always 
pa) ft.) wide, and the side spans 37 m. (121.39 ft.) lasses to the new position. parallel to the initial one, and so that there should 
i each. For the shorter part the spans are 34 m. LONGER SECTION.—(Figs. 1 to 4.) Tracks A pe no twisting of the metallic part, reference 
H (111.54 ft.) and 28 m. (91.87 ft.) respectively. for the rollers were points one meter apart were marked on the scaf- 
fi The metallic portion which carries the deck is _ first established on folds, and by means of these the movement of 
Hi made of three longitudinal trusses of which the each side of the the windlasses, and hence of the bridge, could be 
y lower chord is curved, giving the appearance of piers, and near the ‘ accurately regulated. The operation was per- 
an arch. The three trusses at each end of the point of support on formed on July 22 last, and lasted five hours. It 
middle span are connected by means of a bolt s> the abutments. The x may be added that the total weight of the metal- 
i as to form a joint or hinge. The total length of tracks in the river lie part of the footbridge was 320 metric tons. 
; the long part of the —— is 122 m. (400.26 ft), were wooden scaf- SMALLER SECTION.—(Figs. 5 and 6.) As 
f while that of the shor dy, this section was moved by means 
part is 90 m. (206.28 Bid - - B stated already, 
ft.) The width of the 
bridge between the : | A 
hand-rails is 6.50 m. A , 
supported by masonry 
abutments; the ends of FIG. 5. SIDE ELEVATION OF SCOW AND SCAFFOLDING. 


the arches rest on piers in the river. Each p‘eris folds, made of pile piers driven in the bed of of scows, each half being transferred separately. 
composed of two metallic columns filled with con- the river and secured against any motion by Three trestles, B, intended to carry the trusses of 
crete, the whole resting on a caisson sunk in the longitudinal and transverse waling pieces. The the bridge, were set on each of the two scows, A. 
bed of the Seine. Fig. 1 shows the whole of the tracks were to be 40 m. long, extending down These trestles were similar to those used for the 
superstructure of the footbridge. The construc- stream parallel to the current from the old posi- larger section, but of somewhat different shape. 


FIG. 6. ELEVATION OF BRIDGE MOUNTED ON SCOWS. 


tion of the bridge is such that all the pressures on tion of the bridge to a little beyond the new one The scows, having first been ballasted so as to 
the supports are vertical, and there are no trusses. (Fig. 2). Three wooden trestles, B, intended to leave a space of about 15 cm. (6 ins.) between 

Two different methods were used to move the support the three trusses of the bridge, rested on the top of the trestle’ and the bottom of the 
bridge. The whole metallic portion of the long the scaffold. The trestles were shaped to the chords, were bi t dn, one on each site of & 
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scows were secured by means of an- The mass to be raised, as shown by Fig. 10, is__lift corresponding to this stroke, between the bot 


pier. poe a ropes fastened to the piers. Wedges composed of the two columns and the caisson, tom of the jacks and the beam, f. Furthermore, 


= ‘rfven into the space between the tres- founded on the clay stratum at a depth of 3.50 m. care was taken as the pier was raised to fill the 
bb we se chords, to both of which they were (11.48 ft.) below the bed of the river. Its weight void under the caisson with stones which were 
ties 80 polts. Then, after the joint, M, of the 1s 260 metric tons. Besides this weight provision forced under its sides. ge 
fastenc’ 7 had been removed, the ballast was had to be made for the friction of the clay and When the caisson had been raised 3.50 m. (11.48 
middle ~ the scows. As the ballast was gravel bed of the Seine against the sides of the ft.) and its bottom reached the level of the bed 
remove “ae scows rose gradually and lifted the caisson, even admitting the subpressures acting of the Seine, the entire hoisting plant was taken 
aken 

CS — 


FIG. i PART ELEVATION OF NEW DOUELE-DECK VIADUCT OVER THE SEINE AT PASSY. 


bridge from its bearings. The operation was con- under the caisson. A very great amount of this down. The pier was then taken up, by pe ee 

tinued until everything had been cleared by about friction, requiring an enormous lifting force at scows placed on each side of the caisson, and car- 

90 cm. (8 ins.), When the scows were moved to the the outset, was to be feared. Happily, these fear: ried ashore where it could be broken up. 

ne position of the bridge by means of the lines were not realized. The subpressures and the fric- This operation, as to the success of which there 
i tion seem nearly to have balanced each other, and, might well have been doubt, and for which no 
as a matter of fact, the effort of the jacks was precedent could be quoted, deserves to be men- 
but little more than the weight of the mass to b2_ tioned. In spite of its success, it might not be 
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Fig. 10. Skech Showing 
ys Fig. 8. Francine Section of New Passy Viaduct. Fig. 9. Plan Showing Location of New Passy Via- Plant for Pulling Piers of 
ald . duct. Passy Footbridge. 
1ce 
af- attached to the anchors. The half-length being raised, that is to say, a maximum of 300 metric prudent to admit the generalizing of this method. 
of placed accurately, the ballast was replaced in the tons. It might happen, in certain cases, that, by reason 
be scows until the structure came down to its new The operation was performed as follows: Caps of buckling or of the rough surfaces of the sides 
er- bearings on the temporary piers, D, which had a a were first laid on each of the tracks (Fig. 10) of the caisson, or by reason of the condition of the 
It been built beforehand, and the wedges could be which had served for moving the bridge. Longi- ground in which the caisson is sunk, the condi- 
tal- removed. The scows being freed came back for tudinal wooden beams b were set on these caps. tions would be altogether different from those at 
, the second half, which was moved in the same Then iron beams c rested on these longitudinal assy, and that the resistance due to friction 
As way as the first. The junction of the two halves, 
ans by replacing the bolt of the articulation, was ac- 
complished through the cross movement of the 
scows On the lines which attached them to the 
temporary piers. 
The weight of the metallic part of each half of 
bridge was 110 metric tons, of which 37.62 tons 
was carried on the scow under the eenter span, 
and 72.38 tons on the one under the shore span. 
The operation was performed, for the first half, 
tely. on Aug. 20; and for the second half, on Aug. 21. 
s of In spite of a heavy wind blowing on each day, 
3, A. each part of the bridge was moved in 5% hours. 
- the REMOVAL OF THE PIERS OF THE FOOT- 
ape. BRIDGE.—The viaduct which is to feplace the 
footbridge has two stories, the lower one for a 
driveway and the upper for the Metropolitan rail- 
way. It, too, is composed of two séctions sep- 
arated by the Ile des Cygnes. Each section rests 
(Figs. 7 and 9) on two piers in the river, the 
distance between their centers being for the main 
arm 54 m, (177.16 ft.), and for the secondary arm 
42 m. (137.79 ft.). It happens that two of these 
Piers occupy exactly the positions of those of the 
footbridge. As it would have been very difficult 
under these conditions to put down the new piers 
by compressed air, as they not only rise above the 
old ones, but also must go much further down FIG. 11. VIEW OF PLANT FOR PULLING PIERS OF PASSY FOOTBRIDGE, 
to reach a firm bottom, it was decided to remove 
the old piers and their supporting caissons as a pieces. Very strong wooden beams f were placed might make the work very costly, if not impossi- 
necessary preliminary to any new work. Th2 on the iron beams, and on them stood the hy- ble. In such a case another solution would be 
old piers might have been blown up, as is the or- draulic jacks H, which were to do the lifting. preferred. Fig. 11 shows the whole of the plant. 
— way of doing such work. It was preferred, There were eight of these jacks, each of 100 tons het Ae 
Wwever, to adopt another and very ingenious ex- lifting power. They acted, in lifting, on a very 
‘ee pement, which, so far as the writer knows, has stout beam, M, to which were bolted the iron rods A NOVEL CENTER AND FORM FOR CONCRETE SEWER 
hse = yet been applied, at least under similar con- x, which have their lower end fastened by stir- WORK. 
t the tions. The method adopted was to take out rups to the walls of the columns of the pier to be The accompanying illustrations show a novel 
ofa n one block the eaisson and the columns of the raised. The stroke of the jacks being only 15 cm. form of centering used in constructing some 800 


old per, by raising them with hydraulic jacks. (6 ins.), wooden blocks were placed, after each  t. of 5-ft. egg-shaped sewer at Washington, D. C. 
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This particular sewer had a brick-lined invert, 
but the centering is designed especially for all 
concrete sewer construction, and has been used for 
sewers as small as 8 ins. and 12 ins. in size. It 
can be used to the greatest advantage, however, 
for sewers of 3 ft. and upward in size. 

The view, Fig. 1, gives the best idea of the con- 
struction of the centering. It consists of two 
parts, an invert form and an arch center, and each 
is 16 ft. long. Both parts consist of a-longitudinal 
lagging nailed to plank ribs spaced 2 ft. apart. 
To_prepare the ¢entering for use the arch center 


Fig. 1. View of Steel-Wrapped Centering In Posi- 
tion for Concreting. 


_is set on top of the invert form, with the wedge 


timbers A and B between, and the two are locked 
together by latches on the outside of the end ribs. 
When erected as described, a square gudgeon tim- 
ber is passed lengthwise of the centering through 
the hole C in the ribs. This timber projects at 
each end and is rounded so that the centering can 
be mounted on bearings carried by two horses, as 


is completed, the wedge timbers are driven in 
until the ribs drop into notches. This allows the 
upper and lower parts of the centering to close 
together. They are then withdrawn, leaving the 
spiral strip of steel in place to carry the weight of 
the concrete. The centering is then wound for an- 
other section of work. After the concrete has set 
the. steel strip is removed by simply pulling on 
the loose end. This work can be easily performed 


by one man, and the view,-Fig. 3, shows one man_. 
. doing it and coiling up the strip as it is freed 
from the concrete. To prevent the steel from ad- 


hering to the concrete, it is smeared with oil be- 
fore the concrete is deposited. In the work illus- 
trated black petroleum oil was used with good 
results, but the most satisfactory material was 
found to be linseed oil. 

In the work at Washington about 200 ft. of 
5-ft. sewer were constructed in an eight-hour 
day. The centering illustrated has been patented 
by Mr. A. C. Chenowith, of 16 Court St., Brook- 
lyn, N. ¥. We are indebted to Mr. Chenowith for 
the information from which this description has 
been prepared. 


A CRUSHING AND CLEANING PLANT FOR GRAVEL 
BALLAST. 


By far the greater proportion of railway track 
is ballasted with gravel, which term covers a 
very wide range of material, of varying quality 
or value for the purpose intended. As a general 
thing the gravel, whatever its quality, is exca- 
vated from the pit, loaded on cars, and put di- 
rectly into the track, although the gravet almost 
always contains a considerable proportion of un- 
desirable material. A few railways have experi- 
mented with the screening and washing of gravel, 
with good results. As the increase of traffic and 
the introduction of improved methods of operation 
lead to a demand for better materials and less 
work and cost of maintenance, the ballast will 
necessarily receive attention. Crushed stone and 
good clean gravel are both satisfactory materials, 
and clean gravel of uniform size is quite equal to 
good crushed stone. In this connection we quote 
the following remarks from Tratman’s “Railway 
Track and Track Work”: 

Gravel ballast is used more than any other material, and 
is of very varying quality. It may be coarse and clean, 
or sandy and dusty, or loamy and cementing (when weeds 
will grow, drainage will be affected and. the track will 
heave), or it may be full of large stones, in which case 
it will make an irregular and rough riding track. 


FiG. 2. VIEW SHOWING CENTERING MOUNTED ON BEARINGS FOR APPLICATION OF STEEL 
WRAPPING. 


is clearly shown by Fig. 2. A crank arm applied 
to one end of the gudgeon timber then enables the 
center to be rotated so that a strip of steel 6 ins. 
wide and 1-24-in. thick can be wound spirally 
around it. Figs. 1 and 2, both show the cen- 
tering with the steel strip in place. 

The centering with the steel strip in place is 
set in the trench and the concrete is filled around 
it to the proper thickness. As soon as the filling 


Cementing gravel should be avoided as far as possible. 


The best gravel fs clean and coarse, with stones of fairly ~ 


uniform size, and as little sand as possible. Only very 
clean gravel will drain as well as stone. It is good econ- 
omy to use plenty of gravel, giving at least 8 ins. (or bet- 
ter, 10 ins.) under the ties, as this will enable a fairly 
good track to be maintained nearly all the year through 
without excessive work. It can be tamped by picks or 
bars, the latter. being usually preferred, and is easily 
taken. care of.. Sandy gravel (like sand) may cause undue 


wear of tires, journals, etc. In fact, the substi: 


slag for such gravel ballast on the Mobile and M 

Division of the Louisville & Nashville Ry. is said 
reduced the wear of engine tires from 1-16-in. 
miles to 1-16-in. per 16,000 miles. Screened . 
used to some extent on the Pennsylvania Lino- 
Lake Shore & Michigan Southern Ry., owing to 
that the gravel as it comes from the pit conta 
70% of sand, so that it is difficult to Maintain 


Fig. 3. View Showing Removal of Steel Wrapping 
from Sewer After Concrete Has Set. 


in surface, the rains causing continual settlement by wash- 
ing out the sand. The gravel is thrown into a hopper 
whence an elevator carries it to a revglving screen. In 
Europe, gravel is sometimes thor ughly washed and 
screened by machinery to free it ent rely from earth and 
sand. 

These remarks serve as an introduction to a de- 
scription of a new plant for handling gravel bal- 
last. This plant excavates the gravel in the pit, 
crushes, screens and washes it, and delivers the 
product directly into the railway ..cars. One of 
these plants has been in use by the Garden City - 
Sand Co., of. Chicago, for two years, and others 
have been in service recently upon the Chicago & 
Alton Ry. and the Kansas City Southern Ry. The 
plant has been invented and patented by Mr. 
M. E. Pugh, engineer and contractor, who has 
established offices at 89 South Canal St., and is 
preparing ,to introduce the plant on a number of 
roads. In many cases an investigation of gravel 
pits is necessary, as managers sometimes state 
that no suitable material for ballast exists on 
their lines, while investigation may show ample 
quantities of material which may be made suita- 
ble by proper treatment. Not only ordinary gravel, 
but also trap rock and loose flint deposits make 
good ballast when crushed and washed. As to 
ordinary gravel, that obtained in different parts 
of the country contains from 40 to 70% of sand, 
or 30 to 50% of a mixture of sand and clay. All 
this must be removed, and the remaining stone 
crushed and screened to a uniform size before 
it-can be considered as a really good ballast ma- 
terial. 

Coming now to a-description of the plant, which 
is.shown in the accompanying cuts, ‘it consists of 


, three principal parts: (1) A self-propelling st: am 


shovel mounted on one car; (2) a revolving was!°r 
with sizers and crushers, located on a second «ar; 
(3) a pumping station at some convenient strain 
or pond from which a sufficient flow of water “Vy 
be pumped for washing. The plan of opera's 
is to lay two parallel tracks the entire len<th 
of the gravel pit, the inside track for the ba!’ ist’ 
plant to operate on, and’the second track for ‘1° 
ballast ‘cars to remain on: while being loaded. If 
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the san! from the gravel is to be saved, a third 
is laid for holding the sand cars 

are being loaded at the same time. The 

pee 4 operation is different from that of or- 

aes am shovel work in gravel pits in that, 


turning to the car with a load, which is dumped 
into a hopper at G, Fig. 2, the dipper being auto- 
matically unlatched. The steam shovel is mount- 
ed on a 50-ton steel flat car, fitted with air brakes 
and a locomotive air pump, which operates not 


—— 


while the cars are being loaded, they remain sta- 
tionary, and the machine moves along on the in- 
side track, commencing at one end of the train 
and loading each car as it goes. Thus the ex- 
pense of keeping a locomotive to spot the cars at 
the steam shovel is done away with. For this 


purpose the machine is provided with powerful 


moving gear connected to the car axles. 
The dipper, A, works from the side of the car, 
and the dipper handle is carried by a frame, B. 


_ FIG. 1. END VIEW OF GRAVEL BALLAST PLANT ON THE CHICAGO & ALTON RY. 
. - M. E. Pugh, Chicago, Inventor. 


only the brakes, but also the levers controlling the 
dipper and the movements of the plant. 

The material dumped into the hopper at G is 
fed into a bucket elevator which raises it to H, 
where it is dumped into hopper J. From this it is 
delivered to the rotary screen K, while at the 
same time a stream of water enters from the pipe 
L. The first section of the screen, at the right, 
has 4-in. meshes, through which the sand, earth 
and water escape, and are carried off through a 


as that which comes through the screen, is deliv- 
ered to another bucket elevator which raises ft 
to the head of the chute by which it is delivered 
to the railway cars, as shown at O, Fig. 1. 

The gravel bank shown in Fig. 1 is 30 ft. high 


“and when the machine first started operation, the 


track was close up to the toe of the bank. For 
starting, there was first used a pair of A-frames 
30 ft. long, and as the bank was worked out, they 
were changed to a length of 55 ft.,.as. shown. By 
this plan the machine was able to make a cut 35 
ft. wide, the entire length of the pit, without 
throwing the tracks. When the machine has made 
a cut the full width, the outside track is taken up 
and relaid between the machine and the bank, 
then the machine is moved over onto it, allowing 
the original machine track to be used for the bal- 
last cars to stand on. If extra track material is 
provided, a new machine track can be laid in one 
end of the pit while the machine is working in the 
other end. Then the machine is moved over with- 
out the loss of time in taking up and relaying the 
outside track. 


MAINTENANCE OF ASPHALT PAVEMENTS IN WASHING- 
TON, D. C, 
By Capt. H. C. Newcomer.* 

Repairs to asphalt roadway pavements in 
\yashington, D. C., are made under special con- 
tract for this class of work. While most public 
works are executed under annual contracts, it 
was found desirable to have this contract cover 
longer periods, and so authority was obtained 
from Congress to make the contract for any term 
not exceeding five years. It is customary to in- 
vite proposals for several periods within this 
limit, and then to award the contract for the 
term that appears most advantageous. The con- 
tract terminating June 30, 1908, was with the 
Cranford Paving Co. for a period of three years. 
The current contract is with the Brennan Con- 
struction Co., and runs for four years. 

The total area of sheet asphalt and coal-tar 
pavements in the District of Columbia, exclusive 
of that maintained by the street railway com- 
panies, was about 2,886,786 sq. yds. on July 1, 
1903. About 461,054 sq. yds. of this area were 
under five years of age and are maintained by 


FIG. 2. SIDE VIEW OF GRAVEL BALLAST PLANT ON THE CHICAGO & ALTON RY. 


The hauling cable, C, for the dipper passes around 
the sheave, D, at the head of the boom, 5B, this 
boom being adjustable so that it can be lowered 
as the material is excavated. The suspension ca- 
bles of the boom are shown at F. The dipper 
handle is provided. with a rack and crowding en- 
gines which force the dipper into the material 
while making a cut. In Fig. 1, the dipper is re- 


chute and discharged at M, as waste. If the sand 
is sufficiently good for building purposes, or for 
concrete, it may be delivered-to railway cars. The 
right-hand end of the screen has a mesh of proper 
size. for stone for ballast or concrete. Stones 
which are too large to pass through the walls of 
this screen are discharged at the end and fall to 
a crusher, N. The stone from the crusher, as well 


the contractors that laid them, under the five-year 
guarantee, whose cost is included in the original 
contract price. The remaining area of about 
2,425,732 sq. yds. is maintained by the city under | 
the repair contract out of the appropriation for 


*Corps of Engineers, U. S. A., Assistant to Engineer 
aa District of Columbia, Washington Bar- 
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“Repairs to Streets, Avenues and Alleys.” This 
fund has amounted to $200,000 per annum for sev- 
eral years past. It provides for considerable work 
besides the asphalt repairs, however, so that the 


made to plot these patches or determine their 
area, as the binder and top are paid for by the 
cubic foot. Continuous inspection at the asphalt 
plant and on the street, together with laboratory 
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Half Plan of Top Laterals. j Half Plan of Bottom Laterals. 


FIG. 1. 


GENERAL DRAWING, BRIDGE NO. 17, MAHONING DIVISION, ERIE R. R. 


M. R. Strong, Bridge Engineer; American Bridge Co., Builders. 


amount available for this purpose does not exceed 
about $150,000 as a rough approximation. Of this 
sum about $100,000 are expended for entirely re- 
surfacing or reconstructing worn-out pavements, 
and about $50,000 for minor repairs or patching. 
The relative proportions expended for resurfacing 
and repairs will, of course, vary with the ex- 
igencies of the work. Both classes of work are 
included under the same contract. 


The method of resurfacing varies with the cir- 
cumstances. In the rare case where the old pave- 
ment has a concrete base of proper form it is only 
necessary to remove the old top and binder and 
put on new. In the majority of cases, due to de- 
fective grade or insufficient crown, it is found 
necessary to remodel the base to a greater or less 
extent. The portions that are too high to permit 
the use of binder at least 1 in. thick are cut out 
and replaced by new base. The portions that are 
too low are built up either by using additional 
thickness of binder in case the deficiency is slight, 
or by using bituminous base, i. e., broken stone 
covered with coal tar. Our standard type of sheet 
asphalt pavement has a 6-in. concrete base, 1% 
ins. of asphalt binder, and 1% ins. of top or wear- 
ing surface after compression. Where the old 
pavement has a bituminous base, however, as 
frequently happens, it is usually retained in.e- 
surfacing, but is sometimes replaced by a con- 
crete base. Vitrified block gutters, about 28 ins. 
wide, laid on concrete base, are supplied in all 
cases, 


The pavements are generally kept in repair by 
the method of patching until the cost of such work 
becomes excessive, though on account of insuf- 
ficient funds to pay the larger expense of resur- 
facing it is frequently necessary to repair de- 
fective pavements by patching after the economi- 
cal limit for this method of maintenance has been 
passed. The work of patching goes on with one 
or more gangs, usually two, at all seasons of the 
year except when interrupted by rain or snow, 
or occasionally by necessary repairs to the asphalt 
plant that suspend its operation. Inspectors em- 
ployed by the District of Columbia mark on the 
pavement the outlines of the defective spots. The 
contractor’s men cut away and remove the defec- 
tive material, and paint with asphaltic cement the 
edge of sound material; so as to give good bond 
with the new binder and top, which are placed in 
the hole and-properly compacted. No attempt is 


Cost of Maintaining Asphalt Pavements of Various Ages 
at Washington, D. C 


Cost of Average cost 
Area, repairsfor per sq. yd. 
sq. yds. the year. per year. 
1,809, .00 
1,747,461 31,385 .0180 

she 292 43,003 0333 
698,826 21,576 .0309 
608,117 479 .0386 
374,800 11,951 .0819 
272,040 7,182 .0264 
192,643 3,879 
- 104,001 2,887 .0280 
° 36,332 678 0187 
647 1,268 0856 


tests of material used, are relied upon to secure 
good work. 

The prices under the current contract are as 
follows: 

For standard asphalt pavement (2% ins. asphalt 
surface and 2 ins. binder, before compression, on 
6-in. concrete base made of 1 part Portland ce- 
ment, 4 parts sand, 5 parts gravel, and 5 parts 
broken stone), $1.59 per sq. yd. 

For standard a&phalt surface (2% ins. before 
compression), 67 cts. per sq. yd. 

For standard asphalt surface (measured in 
cart), 49 cts. per cu. ft. 

For asphalt binder (measured in cart), 25 cts. 
per cu. ft. 

All items of additional work, such as grading, 
curb-setting, laying vitrified block gutters, re- 
pairing sidewalks, etc., are paid for at prices fixed 
in the specifications. 

The printed specifications cover about seven 
pages, cap size (8% x 14 ins.). 

In view of certain statements as to the cost of 


tow. 3619" 


Geo. H. Bailey, Assistant Engineer, an | 
sults are believed to be substantially en Nex 

The average cost per square yard per a; 
the second five-year period of the lif 
pavements considered was 1.65 cts.: for 
five-year period, 3.37 cts.; for the fo. a: 
year period, 3.78 cts., and for the fifth ; 
period, 2.56 cts. The average cost for ' 
tabulated was 2.8 cts. 

The ages of existing pavements have « ee 
investigated, and the following table ~ 
areas for each year of age from five uy th 
date July 1, 1903: = 


2.2771 
The average age of the areas shown i- 
14.8 years, and there are over 700,000 8q. yis. 


It is a quite remarkable fact that the average 
age of all pavements being maintained unier the 
repair contract is greater than the average length 
of life assigned to asphalt pavements in most 
cities. 


TWO LARGE PLATE GIRDER RAILWAY BRIDGES. 

The limit of span for plate-girder bridges has 
been increasing continually ever since encineers 
first developed the correct principles in the de- 
sign and construction of plate girders. The I'mit 
is one of practicability rather than one of econ- 
omy; ease of handling and erection favors the 


truss bridge, while, of 
course, the truss bridge 
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will usually be the cheap- 
er to build, when the span 
exceeds a certain “eco- 
nomic limit.” This limit for 
railway bridges, is rather - 
generally considered to be 
in the neighborhood of 100 
ft. However, ease of hand- 
ling and first cost are not 
the only factors entering 
the problem; length of 
natural life, cost of main- 
tenance, safety against de- 
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FIG. 2. DETAIL CONSTRUCTION OF BRIDGE. 


repairs to asphalt pavements, the available data 
for Washington pavements have been analyzed to 
ascertain the average annual cost per square yard 
for maintenance of pavements of different ages. 
Some of the older pavements could not be in- 
cluded, as the earlier records were incomplete. It 
will be seen, however, from the accompanying 
table, giving the results of the investigation, that 
figures have been secured for quite a wide range 
of ages, with considerable areas in most cases. 

This table does not give the cost of repairs dur- 
ing the five-year guarantee period, nor does it in- 
clude the cost of renewal when the pavement is 
worn out and entirely resurfaced or relaid. 

The work of tabulation and the computations 
necessary to arrive at these results were very 
laborious, and some errors may have crept in. 
The work was carefully done, however, by Mr. 


railments and similar ac- 
cidents, are some of the 
considerations which influ- 
ence the design of rail- 
way bridges, and judged 
by these the plate-girder 
bridge has the advantage 
when the more obvious 
factors (first cost, handling, 
: erection) do not clearly de- 
cide the selection. There 
are to-day a considerable 
number of plate-girder rail- 
way bridges of span ex- 
ceeding 100 ft. in service 
inthis country, and their 
number is steadily increasing. Two recent ad- 
ditions to the list are described and illustrated 
in the present article. 


Bridge No. 17, Mahoning Division, Erie R. R. 

This bridge, a deck plate-girder structure, car- 
ries the main line of the Erie R. R. over Yanke? 
Run, near Hubbard, O. The line is single ‘rack, 
and over the crossing it is on a 8° 30’ curve. The 
bridge was built and erected during the past year. 
Previous to that time the crossing was made by 
a through truss bridge of the same span is the 
present bridge, but the old trusses had b«come 
too light for the traffic and required replacing. 
It was desired to make the new bridge a deck 
structure, because of the curve in the tracs, but 
the height from rail to high water level, only 9 
ft., would not permit of this. Since the bridge 
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a sag of the track, however, it was finally 
lay In the rail level at the bridge by 


“ge . reducing the grades on either side avd 
. carpe time affording sufficient height for a 
bridge. These conditions called for 
_.-der structure. The main girders are 
ee .. longest and largest plate girders ever 
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Fig. 3. End Shoes. 


Fixed End. 
constructed, They were built and transported to 
the site as complete girders. 

The general design of the bridge is shown in 
Fig. 1. The two main girders are 131 ft. 4 ins. 
over all, 9 ft. 6 ins. deep over backs of flange 
angles, and spaced 9 ft. apart transversely. The 
cross ties rest directly on the upper flange. Full 
top and bottom laterals are provided, with a panel 
length of about 14 ft.. A sway-frame is used at 
each panel point. The end shoes are of cast steel, 
with rocker pins 4 ins. in diameter; the west end 
has rollers under the lower pin shoes. The steel- 
work of the bridge weighs 279,930 Ibs.; each of 
the two main girders alone weighs 113,700 Ibs. 

The details of the main girders and bracing are 
shown sufficiently in the part drawing, Fig. 2. 
The end reaction from the shoe is taken up by 
three pairs of vertical stiffener angles. The web 
of the girder, 113% ins. wide, is 9-16-in. thick in 
the end sections and }4-in. thick in the center; 
it is spliced at every second stiffener (about every 
12 to 14 ft.), in the manner shown in Fig. 2. Spe- 
cial attention is called to the reinforcing plates. 
10% x % x 265 ins., at the flange end of each web 
splice; these are a concession to the function of 
the web in taking bending moment, in accord- 
ance with the following paragraph from the rail- 
road company’s specifications for bridges: 


Plate-girders shall be proportioned upon the supposition 
that the bending or chord stresses are resisted entirely by 
the upper and lower flanges, excepting in girders of 90 ft. 
long and over, where one th of the web shall be con- 
sidered as flange proper web-splices used. In 


angles vary in length from 52 ft. to 73 ft., ap- 
proximately. The splices are arranged so that no 
two angles in one flange are spliced at the same 
point. The cover plates of each flange increase 
from one 20 x %-in. plate at the end to four such 
plates at the center. The splices in these pla‘es 
are.made near the theoretical ending of an over- 
lying cover, and the latter is extended a short dis- 
tance beyond this point to carry the stress over 
the joint. A note on the railway company’s stress 
sheet which we have omitted in Fig. 1 gives in- 
structions for splicing cover plates, as follows: 


Where necessary to splice cover-plates, do it by extend- 
ing the outer ones over the lengths here shown (the theo- 
retical lengths.—Ed.) and let the added length in each case 
run at least 4 ft. beyond the splice. Do not stop any 
cover just short of a web-splice. Carry it over the splice. 


The detail arrangement of the cross-frames, 
which we have not shown in our Fig. 2, presents 
only this special feature: the gusset plates by 
which the cross-braces connect to the stiffener an- 
gle of the girder are notched around the out- 
standing leg of the inner flange angle. It will 
be seen from Fig. 2 that the stiffeners are not 
doubled at the cross-frames as is sometimes done. 

The end shoes of the bridge are of cast steel. 
Fig. 3 shows their construction. The lower shoe 
at the fixed end is made extra high so that with a 
1%-in. base plate and 3-in. rollers at the roller 
end the two shoes are of same total height. As 
shown in the figure, the rollers have a groove 2 
ins. wide at the middle, and raised strips on the 
bottom of the shoe and on the top of the base 
plate mesh with this groove. The object of this 
device is to keep the rollers in line. 


ment. This work was done by the railroad com- 
pany itself, to whom the finished parts were de- 
livered at the works of the American Bridge Co., 
at Elmira, N. Y. 

The manner of loading one of the main girders 
on four flat cars is shown in the photographic 
view, Fig. 4. The load is carried by the end cars 
only, but low blocking was provided on the inter- 
mediate cars on which the girders would rest in 
ease of any failure in the end supports. The girder 
was braced in its upright position by diag- 
onal struts on the end supports; these struts were 
framed and tie-bolted to the transverse timbers 
underneath to form a cradle. The weight of the 
cradle and its load was carried by longitudinal 
timbers which distributed the load. 

Moving this shipment over the railway from El- 
mira, N. Y., to the site was a very delicate job. 
It was run “special,” and over some parts of the 
line the speed of the train had to be kept down to 
4 miles per hour, as the swaying set up pro- 
hibited any greater speed. Thanks to careful 
handling, however, the girders reached their des- 
tination in safety. 

The bridge was erected complete on land, along- 
side the track near one end of the crossing, and 
from here was launched over the stream on timber 
falsework to a position alongside the old bridge. 
The latter having been placed on blocking, tem- 
porary supports for it were built on the side op- 
posite the new structure, and the masonry abut- 
ments were remodeled to suit the. new bridge. 
When everything was ready the old bridge was 
slid laterally out of the way and the new one 


FIG. 4. 133-FT. GIRDER LOADED FOR SHIPMENT. 


The ties are not notched down over the girders, 
as is often done, but are leveled up (over the vary- 
ing number of flange cover plates) by blocking 
under the ties, the blocks being tapered to give 
the proper superelevation to the outer rail The 
blocks are bolted to the ties and are notched over 
the flanges of the girders, but they are not bolted 
or otherwise fastened to the girders. 

TRANSPORTATION AND ERECTION.—The 


each Oirder, Spaced abt.44' 


- 4 Slippers under 


FIG..5. ARRANGEMENT FOR LAUNCHING BRIDGE. 


eters ‘ess than 50 ft. long the cross-section of the flanges 
oa ° assumed as consisting of only the horizontal legs 
; ® angles, plus the cover-plate or plates. In those of 
‘. long and over, the whole angles shall be counted. 


The flanges are, necessarily, extremely heavy. 
Four 8 x 6 x %-in. angles are used in each flange, 
in the I-shaped arrangement shown. Each flange 
angle is in two sections, which for the different 


detail construction of the bridge, though interest- 
ing because of the size of the girders, is yet sec- 
ond in interest to the matter of transporting it 
to the site and putting it in place. Shipping 
girders of this size in a single piece, and erecting 
them in place of an existing bridge without ap- 
preciable interruption to traffic, is a rare achieve- 


slid into its place. The moving of each bridge 
occupied about 10 minutes, and the track was 
closed a total time of only one hour. 

More in detail, the course of the erection work 
was as follows: A cribwork support for the 
girders was built alongside the track on shore, 
near one end of the bridge, to the height of a 
flat car. The cars bearing one girder were pulled 
up alongside this cribbing; timbers capped with 
rails were laid across, and the girder with its 
cradles was slid over on them to its temporary 
support. The rails were well lubricated with com- 
mon machine oil for this purpose, and a pile- 
driver engine pulling on a line reeved through 
multiple blocks was used to slide the girder across. 
The work was complicated by the fact that it was 
done on a curve in the track, where the outer rail 
had a superelevation of about 5 ins. 

After the second girder was similarly unloaded 
and set up on the cribbing the laterals and sway 
frames were put in place between the girders, and 
riveted up, and ties and rails laid on the top, so 
that the bridge was complete but not in place. A 
trestle was built out across the river, alongside 
the old bridge, and in line with the new structure 
on the cribbing, on a 4% down grade. Two lines 
of rails 9 ft. apart, each consisting: of two rails 
side by side, were laid on this trestle to form a 
runway for the new bridge. Under each girder 
of the latter were placed four skates, one at é¢ach 
end and two intermediate, which were to slide on 
the rails. These skates were made of a 7-in. chan- 
nel, as sketched in Fig. 5. By using machine oll 
to lubricate the rails, the structure was hauled 
down the runway, ready to be slid laterally across 
into place. Meanwhile the old bridge and adjoin- 
ing track had been raised to the new track grade, 


= 
L 
[Bor 
| 
~ 
o 
} o oy 
Base Plate. 
» H < 
3 
1 4 4 ==: | { 
h coc 
| 
it ‘ | 
1- 
on 
if 
| 
er 
d- 
ot 
ig 
of 
n- 
C- 
he H 
u- 
il- 
ed 
us | 
g, 
le- | 
re 
le 
il- | 
4% Grade Spaced =! 15 7 —4 
£16" fe 
tne.News. ow 
/ 
k, 
he 
ar 
DY 
he 
ne 
ck 
ut } 
9 
ge ; 
{\ 


| 
: 

i 


~~ 


WR 


168 ENGINEERING NEWS, Vol. LI. 

3 ft. higher than the old seveli the old abutments Bridge No. 7, of the Bradford Division of the roller being turned down to a 2%-in. a) ee 
were changed to seat the new bridge, and atrestle Erie R. R., is a single-track plate-girder span, 128 a width of 2% ins. a 

suppert had been built on which the old bridge ft. 3 ins. extreme length, girders 9 ft. 6 ins. deep The bridge was designed under ¢}.. 
could be slid laterally out of place. out to out. Each of the girders of this bridge tions of the railway company, and - Cite 
To move the new bridge into place, four lines of weighed 98,000 lbs. Like the Yankee Run bridge, by the contractor, ready for the y. rected 
rails were laid on each abutment, transversely to this work was fabricated at Elmira and erected The material is of soft open-hearth -. ‘Oring, 
the axis of the bridge, at such a level as to bring by the railway company. the rollers and hand-driven rivets, \ = 
the bridge-into its preper position; the girders In addition to these, the Erie R. R. has a great iron. This applies to both shop and : = ot 
rested directly on these rails and the bridge was number of plate-girder bridges of spans from 100 driven by hand.- The bottom flange , i 
slid over by a hoisting engine working through a to 110 ft., whose construction is due largely to reamed, and the field connections in ; be, 
six-part line (1%-in. rope) as before, the rails be- the general preference entertained by the engi- and-~-stringers ‘were reamed to fit iro: we, 
Reaction = 234,200 


= End.Shear=227600 Morn.» 2,535,500 Morn= 4, Morn 6,284,100 
Cross Section. Half Side .Elevation. 
inger Mom.=122,700 
ing well oiled. Endwise motion of the = 51.800 
bridge was prevented by a rail bolted , 
abutment. The new bridge was opened / \ 
for traffic as soon as it was in proper 
ine WV 
alinement; to complete it the only work Norte x 


remaining was to remove the slide rails, place 
the shoes, and lower the bridges to a bearing 
on them, which was done while the trains were 
running. 

The bridge was designed by the engineering de- 
partment of the Erie R. R., Mr. M. R. Strong, 


Cross Section. End Elevation. 


Fig. 8. End Shoe. 


Bridge Engineer, under the then chief engineer, 
Mr: C. W. Buchholz. It was built at the Elmira 
(N.- Y.) plant of the American Bridge Co.; the 
work of erection was done by the railroad itself, 
through the regular bridge force of the Mahoning 
division. 

;» The specifications under which the bridge was 
designed are the regular Erie R. R. specifications 
(1900). The principal departure from them is in 
the-spacing of the girders, which are 9 ft. apart 
instead ef “a maximum of 7 ft.” for deck plate 
girders; according to the specifications. For this 
reason the ties, which rest directly on the top 
flange, are extra heavy, being 10 x 12 ins. in sec- 
tion, set on edge, by 12 ft. long. 

The material of the bridge is soft steel irene 
gut, except in the end shoes. A rather unusual 
feature in the specifications for workmanship is 
the clause, ‘““No steel more than five-eighths of an 
inch thick shall be punched and used for tension 
members. It shall be drilled instead, or punched 
and reamed.” -In accordance with this, the bot- 
tom flange angles and the bottom cover plates were 
sub-punched (54-in.) and reamed (15-16-in., for 
%-in. rivets), while the top flange, which has the 
same make-up, is punched 15-16-in. 

Though this hridge is the longest plate-girder 
span on the Erie R. R,, it is but very little longer 
than an earlier one, built in 1899. This latter, 


Wheeyng Re., 


Part Plan. 
FIG. 6. HALF-ELEVATION AND PLAN OF LONG PLATE-GIRDER FOR THE YELLOW CREEK 


BRIDGE OF THE ERIE, ALLIANCE & WHEELING RY. 
King Bridge Co., Cleveland, O., Builders. 


neering department of that railway for plate 


girders in preference to either. trubges or 
lattice girders. 


Erie, Alliance & Wheeling 


ailway. 

A single-track through bridge over Yellow 
Creek, on the line ofthe. Lake Erie, Alliance & 
a plate-girder structure 114 ft. 
.8% ins, over all. The girders, 10 ft. %-in. deep 


gee “flange angles, are spaced 14 ft. 9 Ins. apart 


on” centers, anda regujar floor beam and stringer 
cénstruction is. used. A notable feature of this 
bridge is thaf it lies on a 5° curve. The accom- 
panying drawing, Fig. 6, shows elevation and 
plan of the bridge; the cross-section is given in’ 
Fig. 7 

Each girder has a 7-16-in. web plate, 8 x 8 x 
%-in. flange angles, and four cover plates 20 x 
\%-in. The web is stiffened at intervals of about 
6 ft. by a single angle on each side of the web. 
At alternate -panel points are plate-girder floor 
beams, and here the inside stiffeners consist of a 
pair of angles. The stringers are 24-in. x 85-Ib. 
I-beams. 


thus ensuring that the work would go together 
properly in erection. The rivets are %-in. diame- 
ter, in 15-16-in. holes. Rivet holes requiring 
reaming were punched -in. less than the diame- 
ter of the rivet and then reamed to 1-16-in. larger 
than that diameter. The sharp edges of reamed 
holes and the fins around punched holes were 
all removed before riveting, and no sharp or un- 
filleted angles or corners were allowed on any 
piece of metal. The painting consisted of one shop 
coat of Sherwin, Williams & Co.’s bridge paint, 
and another coat of the same after erection. Con- 
tact surfaces were painted before the pieces were 
riveted together, and two shop coats of paint were 
given to the bottom of bed plates, bearing plates, 
and other parts not accessible after erection. 
Each girder was riveted up complete in the 
shop, and weighed about 84,640 Ibs. when ready 
for transportation. It was loaded on three steel 
flat cars, as shown in Fig. 9. Near the inner end 
of each outer car was placed a bolster on which 
the girder rested. Timber braces rested on the 
ends of the bolsters, and had their upper ends 
fitted against the top chord, being secured by iron 


FIG. 9. 114-FT. PLATE-GIRDER READY FOR TRANSPORTATION. _ 


The end shoes are of riveted steel construction. 
In order to distribute the weight upon them, a 
6-in..pin béaring is used in each shoe, as shown 
in detail in Fig. 8. Under each shoe at the ex- 
pansion end of the bridge is a nest of eight 3-in. 
rollers, 24 ins. long, the middle portion of each 


straps passing over the top of the girder. Tron 
side straps also connected the bolster and brace. 
To prevent lateral movement of the braces, angle 
iron lugs were rivete? tO the girder web and te 
these were attached iron bars running to the 
braces. 
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